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DESCRIPTION  OF  PROPOSED  RANGE  IMPROVEMENTS 


DESCRIPTION  OF  PROPOSED  RANGE  IMPROVEMENTS 


The  descriptions  of  facilities  provided  in  this  section  are  intended 
only  to  illustrate  gross  dimensions  and  basic  design  of  the  proposed 
range  improvements.   Detailed  specifications  will  be  developed  for  each 
improvement  at  each  site  prior  to  actual  construction. 

A.    WELLS 

During  construction  of  a  vertical  well,  air  rotary  or  cable  tool 
type  drilling  equipment  may  be  used.   The  equipment  will  be  located 
above  the  hole. 

The  wells  will  be  cased  with  6-inch-steel  casing,  which  will  be 
perforated  at  the  water  levels.  Wells  are  cased  to  prevent  cave-ins 
and  provide  a  sanitary  water  collection  point. 

The  well  pumps  will  be  powered  by  gasoline  engines,  or  wind,  when 
electrical  power  is  not  available.   Where  electrical  power  is  available 
and  the  water  supply  is  adequate,  a  submersible  electrical  powered 
centrifugal  pump  may  be  used.   When  a  submersible  pump  is  used,  a  small 
building  will  be  constructed  to  house  the  switching  and  starting  gear. 

A  horizontal  well  is  drilled  when  the  water  is  located  in  a  rock 
crevice.   A  horizontal  well  drilling  machine  is  placed  so  that  it 
drives  a  rotating  rock  bit  at  an  angle  slightly  above  the  horizontal. 
The  drilling  machine  is  a  table  with  a  rotating  chuck  that  moves  hori- 
zontally along  the  table  forcing  the  pipe  with  a  drill  bit  on  its  tip. 
Water  is  forced  into  the  hole  through  the  pipe  and  flows  out  from 
around  the  pipe  to  the  surface,  where  it  is  collected  in  a  small  basin 
to  be  used  again.   The  water  transports  the  rock  shavings  to  the  surface 
of  the  ground  where  they  settle  in  the  water  basin. 

When  the  well  is  completed,  a  pipe  is  forced  into  the  hole  and 
sealed  around  its  outside  to  prevent  water  from  flowing  outside  the 
pipe.   This  pipe  is  about  a  half  inch  in  diameter  but  is  sized  according 
to  the  expected  water  flow.   Steel  or  plastic  pipe  may  be  placed  in  the 
well,  but  steel  will  be  used  above  ground  for  strength.   The  water  from 
the  well  is  then  piped  to  a  tank. 

A  well  platform  is  constructed  around  the  top  of  a  vertical  well 
to  prevent  contamination  of  the  well  water  and  provide  a  location  for 
installation  of  the  pumping  equipment.   A  pump  jack  and  motor  will  be 
enclosed  in  a  building  for  protection.   Water  will  be  brought  to  about 
two  feet  above  the  surface  of  the  ground,  piped  to  a  storage  tank,  and 
finally  to  a  water  trough.   (Figure  1-8) 
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B.    SPRING  DEVELOPMENTS 

If  there  is  a  single  point  of  water  concentration,  a  perforated 
collection  box  can  be  used.   The  box  will  be  a  2-feet-6-inch  diameter 
galvanized,  corrugated  metal  pipe  with  a  hinged  lid.   The  pipe  will  be 
installed  in  a  vertical  position  extending  above  the  ground  with 
several  rows  of  holes  around  the  base  of  the  pipe  under  the  ground. 
The  collection  box  will  extend  six  inches  below  the  base  of  the  water 
table  in  that  spot.   A  lh   or  2  inch  diameter  pipe  will  be  attached  near 
the  base  of  the  collection  box  to  transport  the  water  to  the  water 
facilities . 


C.    PIPELINES 

Polyethylene  pipe  is  furnished  in  flexible  rolls  and  is  placed  in 
the  ground  by  using  a  crawler  tractor  and  a  pipe-laying  machine.   The 
pipe-laying  machine  is  a  "ripper  tooth"  less  than  4  inches  wide  with  a 
forward  curve  that  helps  hold  the  end  of  the  tooth  at  the  desired  depth 
A  pipe  of  three  to  four  inches  in  diameter  is  welded  to  the  backside  of 
the  ripper  tooth  which  is  curved  outward  away  from  the  tractor.   A  pipe 
roll  holder  is  mounted  on  the  tractor  and  the  pipe  is  threaded  through 
the  backward  bent  pipe  on  the  ripper  tooth. 

The  end  of  the  plastic  pipe  is  anchored.   As  the  tractor  moves 
forward,  the  ripper  tooth  is  lowered  into  the  ground  feeding  the  pipe 
out  below  the  ground  at  the  predetermined  depth.   This  depth  is  from 
one  to  three  feet  below  the  surface. 

As  the  tractor  moves  forward,  the  earth  settles  back  around  the 
pipe  so  that  a  single  berm  of  four  inches  high  or  less  with  a  visible 
crack  of  varying  widths  (generally  less  than  six  inches)  will  be  the 
only  remaining  disturbance,  except  for  the  area  within  the  width  of 
the  tracks  of  the  tractor. 

Before  the  pipe  is  placed  with  the  ripper  tooth,  the  ground  must 
be  loosened  by  two  or  more  passes  in  the  same  trench  with  a  ripper 
tooth.   This  method  is  good  in  sandy  soils  or  soft  clay,  but  if  soils 
are  rocky,  the  rocks  will  pinch  the  pipe  when  they  settle  back  after 
pipe  installation. 


D.    WATER  STORAGE  TANKS 

In  areas  where  the  water  is  highly  corrosive,  provision  will  be 
made  to  protect  the  inside  of  the  tank  from  damage,  by  one  of  the 
following  methods. 

(1)  A  coating  of  gunite  may  be  put  on  the  steel  tanks. 

(2)  Other  corrosion  prevention  material  may  be  used. 
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(3)  In  extreme  cases,  a  tank  with  a  concrete  base  and 
gunite  walls  may  be  constructed.   A  cover  would  be 
necessary  to  protect  against  water  loss. 

(4)  A  cast-in-place  concrete,  concrete  and  plaster,  or 
steel  tank  may  be  used  with  a  cover. 


E .    FENCES 

Fence  construction  will  include  the  following  basic  design 
characteristics: 

o    Fence  lines  will  be  surveyed  with  the  survey  being 
tied  to  a  known  reference  point. 

o    Stretch  panels  (two  to  three  wooden  posts  approxi- 
mately six  feet  apart  with  wooden  braces  between 
each  post)  will  be  constructed  at  each  quarter- 
mile  point  along  the  lines  (barbed  wire  comes  in 
quarter-mile  lengths) . 

o    Steel  fence  posts  will  be  driven  at  specified 
intervals,  either  by  hand  or  with  use  of  an 
automatic  post  driver. 

o    Wire  will  be  stretched  between  the  panels. 

o    Wires  will  be  attached  to  each  post  at  specified 
spacing. 

o    Wire  stops  will  be  placed  between  posts  at 
specified  intervals.   (See  BLM  Manual  9170) 

The  visual  impact  of  fences  can  be  reduced  through  careful  planning 
The  effectiveness  of  these  measures  will  depend  upon  the  individual 
situation  and  the  skill  with  which  they  are  applied. 

Fence  setting  will  involve  the  following: 

1.  Use  natural  barriers  to  reduce  the  need  for  fencing. 

2.  Place  fences  along  natural  changes  in  vegetative  type. 

3.  Place  fences  parallel  to  natural  features  and  to  the 
topographic  relief. 

4.  Avoid  crossing  hills  at  right  angles  to  the  contour. 
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5.  Avoid  centering  a  fence  on  the  crest  of  a  hill  or 
ridgeline. 

6.  Place  the  fence  along  the  edge  of  small  valleys  or 
clearings  rather  than  in  the  middle. 

7.  Set  fences  back  several  hundred  feet  from  parallel 
roads . 

8.  When  crossing  roads,  use  natural  features  or  vegetation 
as  screening  to  reduce  viewing  distance. 

9.  Follow  the  natural  contour  whenever  possible. 

10.  Avoid  long  straight  sections  when  approaching  or 
crossing  roads. 

Fence  construction  practices  will  be  as  follows: 

1.  Avoid  dozer  clearing  or  any  other  method  that  disturbs  soil 

2.  In  brushy  areas  use  a  brush  cutter  or  crushing  by  vehicle. 

3.  Keep  the  cleared  area  to  the  minimum  necessary  to  allow 
construction. 

4.  In  wooded  or  timbered  areas  and  in  critical  scenic  areas, 
use  only  hand  clearing. 

5.  In  heavily  vegetated  areas,  consider  irregularly  shaped 
clearing  rather  than  uniform  width. 

6.  Avoid  clearing  near  heavily  traveled  roads. 

7.  Use  the  most  unobtrusive  materials  practical  unless  high 
visibility  is  required  for  safety. 

8.  Place  steel-wire  stays  between  each  post. 
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CLIMATIC  CONDITIONS  AND  AIR  QUALITY 


A.    Climatic  Setting  and  Influence 

In  broad  terms,  the  climate  of  northwestern  Arizona  is  warm,  dry,  and 
windy,  as  are  the  nearby  corners  of  Utah,  Nevada,  and  California.   However, 
wind,  precipitation,  and  temperature  vary  within  the  broad  pattern,  from 
year  to  year  and  from  place  to  place.   It  is  not  uncommon  in  this  desert 
region  to  have  a  year  windier  than  normal,  wetter  or  drier  than  normal,  or 
hotter  or  cooler  than  normal,  where  "normal"  is  a  30-year  average.   Apart 
from  moderate  fluctuations  over  time,  which  reflect  both  regional  (southwest 
desert)  and  global  scale  weather  cycles,  the  climatic  conditions  in  north- 
western Arizona  vary  in  response  to  rather  abrupt  changes  in  elevation 
typical  of  basin  and  range  topography.   A  corduroy-like  topography  is  pro- 
duced by  a  series  of  valleys  and  small  mountain  ranges  generally  oriented 
northwest  to  southeast,  often  with  saddle  areas  connecting  the  mountain 
ranges.   As  seen  in  Figure  II- 1  ,  valleys  generally  lie  below  3000  feet 
elevation,  foothill  or  saddle  area  between  3000  and  4000  feet,  and  the 
mountains  above  4000  feet.   The  pronounced  difference  between  valley  and 
mountain  climate  types  also  enables  interpolation  between  a  few  represen- 
tative weather  monitoring  stations  (see  Figure  II-2) . 

1.    Winds 

a.    Regional 

On  both  a  global  and  a  regional  (northwestern  Arizona)  scale, 
airflows  are  produced  by  air  bodies  expanding  and  contracting  under 
the  influence  of  solar  radiation  and  the  heating  and  cooling  of  land  masses. 
In  general,  air  flows  from  cooler  regions  to  warmer  regions:   expanding 
warmer  air  rises  and  creates  areas  of  low  pressure  into  which  the  denser 
cooler  air  sinks,  causing  a  wind  as  it  rushes  into  the  low-pressure  area. 
Since  the  Southwest  desert  air  is  dry,  and  there  is  usually  little  or  no 
cloud  cover,  heating  and  cooling  of  the  land  mass  tends  to  be  relatively 
rapid  and  the  extremes  relatively  great  (as,  for  example,  between  night 
and  day) .   The  local  rapid  heating-cooling  phenomenon,  coupled  with  larger 
scale  airflows  (such  as  those  created  through  proximity  to  larger  mountain 
ranges  like  the  Rockies  and  large  basins  like  the  Mojave  Desert)  produce 
fairly  strong  winds  in  northwestern  Arizona.   These  winds  are  then  channeled 
between  the  mountain  ranges,  roughly  along  the  northwest-southwest  align- 
ment of  the  several  valleys. 

Most  types  of  anemometers  used  to  measure  wind  speed  and  direction 
require  electricity  and  are  expensive;  therefore  in  sparsely  populated 
regions  such  as  northwestern  Arizona  there  are  very  few  weather  stations 
that  monitor  wind,  and  those  that  exist  are  clustered  near  the  urbanized 
areas,  in  this  case  only  Kingman  and  along  the  Colorado  River.   Knowledge 
of  airflow  behavior  and  wind  data  from  these  few  stations  can,  however, 
be  used  to  characterize  the  winds  in  the  entire  basin-range  area  of 
northwestern  Arizona,  based  on  the  similarities  of  conditions  found  in 
the  valleys  as  a  group  and  in  the  mountains  as  a  group. 


b.    Local 

(1)   Valleys 

•  Wind  Speeds 

The  northwest-southeast  oriented  valleys  are  represented  for 
wind  data  by  the  Mohave  Valley  stations  of  Dri  Mountain  (located 
immediately  due  west  of  Katherine  Landing) ,  Bullhead  City,  and 
Needles;  the  wind  data  at  these  sites  were  gathered  and  published  by 
Desert  Research  Institute  of  the  University  of  Nevada  in  their  atmospheric 
survey  for  the  Mohave  Generating  Station  located  across  the  Colorado 
River  from  Bullhead  City.   (See  Figure  II-2  for  location  of  all  stations.) 
Dri  Mountain  surface  wind  data  from  1975  indicate  that  more  than  three- 
fourths  of  the  winds  were  over  7  knots  (kns);  the  largest  single  speed 
category  was  7-10  kns;  the  second  largest  category  was  11-17  kns.   While 
these  surface  winds  are  of  moderate  strength,  winds  aloft  data  taken  from 
Bullhead  City  at  a  height  of  450-600  feet  above  ground  level  indicate  rela- 
tively strong  winds  at  this  height:   the  largest  speed  category  was 
11-21  kns;  about  40%  of  all  occurrences  were  over  17  kns. 

Supporting  this  Bullhead  City  data  (Mohave  Valley)  are  data  from 
Kingman.   Although  the  two  stations  differ  in  elevation,  winds  are  chan- 
neled through  them  in  a  similar  fashion  since  they  are  between  more  moun- 
tainous areas.   Kingman  has  extremely  strong  winds  as  evidenced  by  BLM 
fire  record  wind  data  from  the  summer  of  1976:   the  largest  single  speed 
category  was  10-20  kns  during  June  and  August.   Further,  the  weather 
service  at  Flagstaff  reports  that  winds  between  Kingman  and  Las  Vegas 
(through  the  Sacramento  and  Detrital  valleys)  regularly  reach  up  to  60  or 
70  mph  (70-80  kns)  during  part  of  the  year.   From  the  above  information, 
although  based  upon  less  than  comprehensive  data  coverage,  it  can  be  seen 
that  winds  are  channeled  through  the  valleys  with  great  force,  especially 
during  certain  parts  of  the  year. 

In  contrast,  data  taken  from  Needles  Airport  show  that  22%  of  all 
winds  were  calm  and  nearly  half  were  under  10  kns;  only  5%  were  over 
16  kns.   The  most  obvious  reason  for  these  conditions  of  light  winds  and 
calms  is  that  Needles  is  in  the  middle  of  a  large  basin  and  not,  as 
are  the  smaller  valleys  in  northwest  Arizona,  aligned  directly  between 
two  mountain  ranges.   Therefore,  the  airflows  around  Needles  are  not 
sharply  channeled  but  are  the  result  of  winds  from  the  valleys  to  the 
west  whose  force  has  been  exhausted.   This  hypothesis  can  be  supported 
in  part  by  the  directional  information  to  be  discussed  next. 

•  Wind  Directions 

At  Needles  Airport,  most  of  the  wind  direction  frequencies  for 
1975  (which  compared  well  with  data  for  a  previous  five-year  summary) 
were  from  the  south,  west,  and  north  quadrants,  with  winds  seldom 
coming  from  the  east  quadrant.   The  largest  single-direction  categories 
were  west-southwest  (11%  and  north  (11.3%).   These  winds  probably  have 
their  sources  in  the  valleys  to  the  south  and  west  and  in  the  Colorado 
River  trough  from  the  north. 
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As  can  be  seen  from  the  wind  roses  (1975  annual  summary)  for  Bullhead 
City  and  Dri  Mountain  (Figures  B-l   and  B-2  ),  Mohave  Valley  station 
winds  again  are  oriented  predominantly  south-to-north  or  southwest-to- 
northeast,  along  the  axis  of  the  valley.   In  this  case  the  valley  is  the 
river  trough,  but  similar  situations  exist  in  the  north-south  and  northwest- 
southeast  oriented  Detrital,  Sacramento,  and  Hualapai  valleys  located  in 
the  study  area.   Even  at  Kingman,  which  is  on  a  saddle  slightly  above  the 
valley  floors  but  nevertheless  lies  in  a  dip  or  gap  between  the  Cerbat 
and  Hualapai  mountains,  the  winds  in  the  summer  of  1976  were  almost  ex- 
clusively from  the  south  and  southwest,  with  some  from  the  north  and  north- 
east.  These  are  the  directions  from  Kingman  of  the  valleys  separated  by 
Kingman's  saddle  area  —  the  Hualapai  Valley  to  the  northeast  and  the 
Sacramento  Valley /Dutch  Flat  to  the  southwest. 

•    Seasonality 

As  often  occurs  with  weather  and  other  natural  phenomena, 
annual  summaries  obscure  seasonal  variations  in  wind  speed  and 
directional  patterns  which  occur  within  the  general  annual  pattern.   For 
example,  Dri  Mountain  winds  are  predominantly  from  the  southwest  during 
spring  and  summer,  but  rapidly  shift  to  northerly  and  northeasterly  during 
fall  and  winter  (see  Figures  B-3a  and  B-3b  ).   This  seasonal  shift, 
largely  controlled  by  large-scale  weather  patterns,  also  appears  at  Bull- 
head City,  where  the  winds  aloft  switch  from  the  southern  quadrant  (SSE- 
SSW)  with  minor  northerly  winds  in  the  spring  and  summer  to  predominantly 
northerly  (NNW-NNE)  winds  with  a  fairly  large  southerly  component  in  the 
fall  and  winter.   Needles  Airport  surface  winds  were  more  scattered,  show- 
ing a  weak  dominance  of  southerly  winds  in  spring  and  especially  summer, 
and  a  somewhat  stronger  dominance  of  north  winds  in  fall  and  winter.   Al- 
though a  seasonal  distribution  was  not  available  for  Kingman,  the  summer 
fire  records  (May-September)  show  the  typical  summer  pattern  of  predominantly 
south  and  southwest  winds. 

Seasonal  variations  also  appear  in  wind  velocities,  although  the  shifts 
are  not  as  dramatic  as  the  shifts  in  direction.   Dri  Mountain  surface  winds 
for  1975  changed  from  stronger  northerly  winds  (highest  frequency  of  winds 
over  17  kns)  in  fall  and  winter  to  more  moderate  winds  (7-10  kns)  in 
spring  and  summer.   Winds  aloft  at  Bullhead  City  were  also  stronger  in  the 
fall  and  winter  (more  than  50%  in  excess  of  17  kns)  than  in  spring  or 
summer.   Needles  Airport  surface  winds  did  not  show  marked  seasonal  changes 
in  speed;  this  rather  anomalous  station   showed  calm  periods  about  20%  of 
the  time  each  season,  with  the  lighter  winds  (4-6  kns)  being  slightly  more 
frequent  in  the  fall  and  winter  than  in  spring  and  summer;  however,  most 
winds  are  7-10  kns  year  round.   At  Kingman,  where  only  summer  data  were 
available,  south  to  southwest  winds  were  stronger  (15-20  kns)  than  the 
north  and  northeast  winds  (5-10  kns),  so  if  the  summer  southerlies-winter 
northerlies  valley  wind  pattern  prevails  in  Kingman,  the  spring  and  summer 
winds  may  be  stronger  than  the  winter  and  fall  winds,  as  in  Needles.   Fit- 
ting into  this  pattern  would  be  the  report  from  the  Flagstaff  weather 
service  of  60  to  70  mph  spring  winds  sweeping  through  the  Sacramento  Valley; 
however,  spring  dust  storms  may  also  occur  simply  because  spring  is  a 
transitional  season  between  winter  and  summer  climatic  conditions.   The 
forceful  winds  may  be  produced  by  the  synoptic  weather  changes  accompany- 
ing increased  solar  radiation  as  the  days  rapidly  lengthen  in  late  spring. 
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FIGURE  B-l 
WIND  ROSES:   BULLHEAD  CITY 
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FIGURE  B-2 
WIND  ROSES:   DRI  MOUNTAIN 
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FIGURE  B-3a 

SEASONAL  VARIATION:  DRI  MTN  WIND  ROSES 
(March  -  June) 


B-6 


DRI  MOUNTAIN 


NNW 


wSw 


ENE 


NOVEMBER 

N 


NNW 


WNW 


WSW 


ENE 


ssc 


OCTOBER 


NNW 


ENf 


ESE 


DECEMBER 

N 


WNW 


WSW 


ENE 


ESE 


•»*O0tMCTiON 
IM(X(M:i  M  "CISTAGE 


Source:   Desert  Research  Institute  (1975) 


FIGURE  B-3b 

SEASONAL  VARIATION:  DRI  MTN  WIND  ROSES 
(July  -  December) 


•    Diurnal  Variations 

When  large-scale  weather  patterns  are  not  exerting  their 
influence  over  the  desert  region's  airflows,  such  as  during  the 
night  and  early  morning  hours,  the  effects  of  local  heating 
and  cooling  can  be  seen  in  diurnal  wind  patterns  in  valley  stations.   For 
example,  as  seen  in  Tables  B-la   and  B-lb  ,  morning  winds  at  Dri  Mountain 
are  equally  strong  from  the  north  and  northeast  as  from  the  south  and 
southwest,  on  an  annual  basis;  afternoon  winds  increase  in  strength  and 
become  predominantly  westerly  (SSW-NNW) .   These  data  result  from  a  diurnal 
pattern  prevalent  all  over  the  desert  region,  in  which  valleys  receive 
cool  air  sinking  in  from  the  hills  during  the  night  and  early  morning,  at 
which  time  the  air  is  quite  stable  up  to  at  least  600  feet  and  is  simply 
channeled  around  hills  according  to  the  local  topography  —  hence  the 
north-south  alignment  of  Dri  Mountain's  morning  winds.   In  the  afternoon 
the  valley  air  becomes  hotter  and  expands,  rising  into  the  higher  levels 
where  its  movements  become  more  controlled  by  larger-scale  winds  —  hence 
the  westerly  component  in  the  Dri  Mountain  afternoon  winds.   In  general 
then,  throughout  the  study  area  valleys,  the  air  can  be  expected  to  be 
more  stable  and  topographically  channeled  in  the  morning  and  more  turbulent 
with  a  possible  shift  in  direction  (usually  westerly)  in  the  afternoon,  then 
settling  back  down  again  after  nightfall  as  the  nighttime  temperature 
inversion  begins  to  form. 

•    Updrafts 

Occasionally  in  the  summer  months,  localized  pockets  of  valley 
air  become  so  heated  that  sudden  updrafts  occur  due  to  the  lowered 
pressure  of  the  expanded  air  column.   When  this  occurs,  the  surrounding  air, 
warm  also  but  cooler  than  that  in  the  rising  column,  rushes  in  to  take  the 
place  of  the  rapidly  rising  updraft.   The  air  currents  scour  the  desert 
floor  on  their  way  and  carry  loads  of  sand  and  dust,  which  are  lifted  up 
into  the  updraft,  sometimes  for  hundreds  of  feet  into  the  air.   Certain 
parts  of  the  valley  floow  are  more  prone  to  these  heat-produced  updrafts 
than  others,  although  it  is  not  clear  what  conditions  must  be  present  since 
the  updraf t-prone  areas  have  not  been  mapped  or  located  in  any  specific  way. 

(2)   Mountains.   The  BLM  fire  record  station  at  Hualapai  Mountain 
(elevation  6500  feet)  is  the  only  weather  monitoring  station  located  in 
the  mountainous  areas  of  northwest  Arizona  that  measures  wind  data.   More- 
over, only  the  summer  months  (May-September)  are  recorded.   While  this 
station  may  not  be  absolutely  typical  of  all  of  the  mountains  in  the 
study  area,  knowledge  of  the  vertical  differences  in  airflows  and  the 
limited  data  available  can  approximately  characterize  mountain  winds. 

Hualapai  Mountain  winds  for  the  summer  of  1976  were  not  strong;  the 
largest  single  speed  category  was  about  4-9  kns,  with  a  total  range  of 
0-22  kns.   These  moderate  winds  were  about  equally  from  the  east  and  south- 
east and  from  the  west  and  northwest;  scattered  occurrences  of  winds  from 
the  southwest,  northeast,  and  east  were  recorded,  but  almost  none  from  the 
north  or  south.   These  wind  directions  (E,  SE,  W,  and  NW)  and  speeds 
(typically  4-14  kns)  could  simply  reflect  the  positioning  of  the  monitor- 
ing station,  or  they  could  reflect  actual  prevailing  summer  conditions  in 
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TABLE  B-la 

WIND  SUMMARY,  DRI  MOUNTAIN  -  MORNING  HOURS 
(March-December,  1975) 

Frequency  of  Occurrence  (percent) 


Wind 
Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ssw 

sw 

wsw 

w 

WNW 

NW 

NNW 

CALM 

SUM 


Speed  Categories  (knots) 


1-3 
.5 


2.0 


0. 

.5 
0. 

.5 
0. 

.5 


1.0 
0. 

.5 
0. 

0. 


10.4 


4-6 


4.0 


1.5 

0. 

0. 
0. 
0. 
0. 
1.5 


.5 
0. 

0. 
0. 
.5 


15. 


7-10 


5.0 
4.5 
2.0 


1.0 
.5 
0. 
0. 
1.0 


1.5 
0. 

0. 
0. 
1.5 


40.6 


11-16 


5.4 
7.9 

2.0 


.5 
0. 

0. 
0. 
0. 


1.5 

2.0 
2.0 
4.0 

5.4 
8.4 
9.9 

0. 

2.0 

1.0 

1.5 

5.0 

1.0 
0. 
0. 
0. 
.5 


23.3 


17-21 


3.0 
2.5 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.0 

1.0 

.5 
0. 
0. 
0. 

.5 


8.4 


>21 


Total 


0. 

17.8 

1.5 

19.8 

0. 

4.0 

0. 

2.0 

0. 

.5 

0. 

.5 

0. 

0. 

0. 

3.0 

0. 

8.9 

0. 

14.4 

0. 

21.3 

0. 

4.5 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3.0 

0.0 

1.5 

100.0 

TOTALS 


100.0 


No  directions  assigned  to  calm  periods, 


Source:   DRI  Atmospheric  Survey  (1975) 
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TABLE  B-lb 


WIND  SUMMARY,  DRI  MOUNTAIN  -  AFTERNOON  HOURS 
(March-December,  1975) 


Frequency  of  Occurrence  (percent) 

Wind 
Direction 

Speed 

Categories 

(knots) 

j 

1-3 

4-6 

7-10 

11-16 

17-21 

>21 

Total 

N 

0. 

1.4 

1.9 

6.1 

2.8 

.5 

12.6 

NNE 

0. 

0. 

.5 

0. 

.5 

0. 

.9 

NE 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

ENE 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

E 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

ESE 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

SE 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

SSE 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

S 

0. 
0. 
0. 
0. 

.5 
.5 
.5 
0. 

0. 

.5 

.5 

1.9 

1.9 

0. 

0. 

0. 
1   1.9 

0. 
1.4 
.9 
0. 
0. 
.9 
0. 

0. 

SSW 

7.9 
4.7 
6.5 
2.8 

3.3 

14.0 

5.6 

15.0 

SW 

4.2 

24.3 

WSW 

1.4 
0. 
0. 
0. 

15.4 

W 

.9 

6.1 

WNW 

2.3 

.5 

1.4 

5.6 

4.7 

NW 

0. 
.9 

4.2 

0. 

NNW 

.9 

7.9 

3.3 

2.3 

15.4 

CALM 

SUM 

1.4 

9.3 

29.9 

39.3 

14.0 

6.0 

100.0 

TOTALS 

100.0 

No  directions  assigned  to  calm  periods, 


Source:   DRI  Atmospheric  Survey  (1975) 
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mountain  areas.   More  data  are  necessary  to  establish  the  existence  of 
geographical,  seasonal,  and  diurnal  wind  patterns  in  the  mountain  areas. 
However,  it  is  true  that,  as  discussed  above  under  valley  winds,  airflows 
follow  topographic  channels  when  stable,  and  since  the  mountains  would 
not  tend  to  have  the  same  night-early  morning  stability  as  the  valleys, 
mountain  winds  probably  do  not  show  the  same  kinds  of  dirunal  direction 
shifts  as  do  the  valleys.   On  mountain  slopes  and  in  canyons,  however, 
a  diurnal  wind  change  would  accompany  the  evening  sinking  of  cool  air  and 
the  midday  rising  of  warm  valley  air  up  the  slopes  and  canyon  walls. 

Mountain  air  masses  are  more  influenced  by  large-scale  weather  patterns 
and  except  for  the  air  on  slopes  facing  other  mountain  slopes  do  not  show 
as  defined  an  alignment  with  the  valley-mountain  channels  as  does  valley 
airflow.   Hualapai  Mountain  summer  winds  do  not,  in  fact,  line  up  with  the 
valleys  but  appear  to  be  originating  from  the  higher  Hualapai  Mountain 
range  to  the  east  and  southeast  and  from  the  higher  Cerbat  Mountains  to 
the  north-northwest.   In  general,  the  wind  direction  and  speed  in  moun- 
tainous areas  probably  depends  on  very  localized  factors,  such  as  whether 
or  not  one  is  exposed  or  in  a  canyon,  and  on  how  far  up  the  mountain  slope 
the  measurement  is  taken.   For  instance,  synoptic  airflows  would  account 
for  all  winds  over  the  tops  of  the  ranges;  they  would  be  more  consistently 
westerly,  and  would  probably  show  a  smaller  range  in  velocity  than  the 
valley  winds  which  are  continually  heated  and  cooled. 

2.    Temperature 

a.  Regional 

As  a  general  rule  applying  to  all  geographic  regions  worldwide, 
temperature  is  closely  correlated  with  elevation.   The  dependency  of 
temperature,  both  average  over  an  entire  year  and  seasonal  (winter  and 
summer),  upon  elevation  is  shown  clearly  in  Figures  4a  and  4b,  taken 
from  the  "Arizona  Climate"  publication  of  the  Institute  of  Atmospheric 
Physics  at  the  University  of  Arizona. 

b.  Local 

(1)   Valleys.   Average  July  and  January  temperatures  for  1975, 

shown  for  specific  stations  in  Table  B-2 ,  characterize  the  typical 

ranges  and  seasonal  patterns  of  temperatures  in  study  area  valleys.   One 

feature  seen  from  both  data  forms  (isotherms  and  specific  measurements)  is 

that  not  only  are  the  valleys  warmer  than  the  upland  areas,  but  the  valley 

temperatures  themselves  drop  somewhat  from  west  to  east.   The  isotherm  maps 

indicate  that  the  Mohave  Valley,  near  the  Colorado  River,  is  hottest,  with 

oo 
temperatures  from  50   to  95   Fahrenheit;  measurements  taken  at  the  river 

stations  of  Willow  Beach  and  Davis  Dam  both  match  this  range.   Yucca, 
the  weather  station  representing  the  Sacramento  and  Detrital  valleys  be- 
hind the  Black  Mountains,  shows  a  5°  drop  in  temperature  range,  down  to 
45-90°F  —  as  indicated  also  by  the  isotherm  maps.   As  one  moves  even 
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TABLE  B-2 
VALLEY  TEMPERATURES,  TO  NEAREST  °F 


Station 
Willow  Beach 
Davis  Dam  No.  2 
Yucca  No.  1  NNE 
Kingman  No.  2 


Average 

July 

Average  January 

Temperature 

Temperature 

97 

49 

95 

51 

88 

46 

82 

41 

Source;   NOAA,  Climatological  Data,  1975  Annual  Summary  for 
Arizona. 
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further  away  from  the  river  and  behind  the  Cerbat  Mountains  into  the 
Hualapai  Valley,  the  isotherm  maps  show  another  temperature  drop  of  5° 
down  to  40-85°F.   While  there  is  no  weather  station  in  Hualapai  Valley 
proper,  Kingman  is  located  slightly  above  the  southwest  corner  of  the 
valley  and  has  representative  temperatures  of  41-82°.   Although  these 
valley  temperature  ranges  of  40-50   in  winter  to  85-95°  in  the  summer  are 
typical  of  the  area,  it  is  also  typical  to  encounter  years  that  are  hotter 
or  cooler  than  normal,  shifting  the  extremes  up  or  down  by  5   or  so,  or 
causing  the  hot  months  to  begin  sooner  or  later  in  the  year. 

(2)   Mountains.   Mountains  and  upland  areas,  such  as  the  White  Hills 

plateau  and  the  plateau  northeast  of  the  Grand  Wash  Cliffs,  are  areas 

of  distinctly  lower  temperatures  from  the  surrounding  valleys.   Here 

the  close  correlation  of  temperature  with  elevation  is  clearly  seen;  even 

the  Black  Mountains  close  to  the  Colorado  River  exhibit  valley-like 

temperatures  (a  range  of  45-90°,  like  the  Detrital/Sacramento  valleys) 

because  they  are  for  the  most  part  below  4000  feet  (see  elevations  shown 

in  Figure  B-l) .   Mountain  and  upland  temperatures  range,  on  the  average, 

from  40°  in  the  winter  (but  going  as  low  as  30-35°  on  mountain  peaks)  to 

o  o 

about  80   in  the  summer  —  generally  about  10-15   cooler  than  valley 

temperatures. 

It  can  be  seen  that  temperatures  in  the  Cerbat  Mountains,  which 
rise  to  just  over  7100  feet  at  Mt .  Tipton,  range  from  temperatures  of 
40-50°  in  the  winter  to  70-80°  in  the  summer.   The  Hualapai  Mountains, 
outside  the  study  area  southeast  of  Kingman,  rise  above  8400  feet  at 
Hualapai  Peak,  and  show  markedly  cooler  temperatures,  from  30-40°  in  the 
winter  to  only  60-70°  in  the  summer.   The  Grand  Walsh  Cliffs/Music 
Mountain  area  at  the  northeast  of  the  Cerbat  Planning  Unit  also  shows  a 
cooler  temperature  range  of  30-40°  in  winter  to  70-80°  in  summer. 

As  seen  in  Table  B-3  ,  temperatures  measured  at  mountain  stations 
both  on  and  off  the  study  area,  as  recorded  in  the  1975  annual  summary  of 
Arizona  weather  in  the  National  Oceanic  and  Atmosphere  Administration 
(NOAA)  publication  Climatological  Data,  fall  within  the  expected  annual 
range  of  30-80°  for  mountain  stations,  with  one  exception.   Beaver  Dam, 
a  station  appearing  in  NOAA's  data  summary,  shows  valley-like  temperatures 
of  42-89°;  while  the  immediately  surrounding  Virgin  and  Beaver  Dam  Moun- 
tains rise  above  4500  feet,  the  weather  station  itself  is  probably  at  the 
dam  on  the  Colorado  River,  which  is  below  2000  feet  elevation  and  there- 
fore 10-15°  warmer  than  most  mountain  stations.   It  is  such  sudden  rises 
and  drops  in  temperature  with  the  area's  abrupt  changes  in  topography 
that  contributes  to  diurnally  shifting  winds  and  to  vertical  layering 
of  airflows  near  mountain  slopes,  as  discussed  in  the  previous  section 
on  winds. 
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TABLE  B-3 
MOUNTAIN  TEMPERATURES,  TO  NEAREST  °F 


Station 

Average  July 
Temperature 

80 

Average  January 
Temperature 

Truxton  Canyon 

40 

Pierce  Ferry  No. 

17 

SSW 

82 

39 

it 

Beaver  Dam 

89 

42 

Colorado  City 

76 

34 

Bagdad 

81 

45 

Tuweep 

79 

38 

c0n  Colorado  River 


Source:   NOAA,  Climatological  Data,  1975  Annual  Summary  for 
Arizona 
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3.        Precipitation 

a.  Regional 

Precipitation,  like  temperature,  is  closely  correlated  with 
elevation;  this  positive  correlation  shows  in  Figure  B-5  which 
valleys  correspond  to  the  isohyets  (lines  of  equal  precipitation)  of  low- 
est rainfall  and  mountains  to  the  isohyets  of  highest  rainfall.   In  this 
region  the  precipitation  ranges  from  well  under  6  inches  near  the  Colorado 
River  and  in  Red  Lake  to  over  12  inches  in  the  Cerbat  and  Black  mountains. 
The  peaks  of  the  Hualapai  Mountains,  just  southeast  of  the  study  are, 
receive  more  than  20  inches  of  precipitation,  both  as  rain  and  snow   per 
year. 

Most  of  the  precipitation  in  the  study  area  is  rainfall,  except  for 
some  light,  rapidly  melting  snow  over  most  of  the  area,  and  heavier  snow 
lasting  for  two  or  three  winter  months  on  Mt .  Tipton  in  the  Cerbat  Moun- 
tains.  About  60%  of  the  area's  precipitation  falls  in  the  winter 
(November-March);  a  second  rainy  season  consists  of  summer  thundershowers 
from  July  through  September.   This  dual  rain  cycle  is  exemplified  in 
Figure  B- 6   by  a  plot  of  10-year  monthly  averages  of  rainfall  at  King- 
man, Yucca,  and  Davis  Dam  weather  stations. 

b.  Local 

(1)  Valleys.   Both  the  isohyet  map  and  U.S.  Weather  Service  Data  for 
1975  (Table  B-4)  show  Mohave  Valley  and  the  Colorado  River  trough  as  being 
the  most  arid  strip  in  the  study  area,  with  less  than  6  inches  of  rain; 
Parker,  Lake  Havasu  City,  Davis  Dam,  and  Willow  Beach  all  have  annual 
rainfall  ranging  from  1.44  inches  to  4.71  inches.   Yucca,  in  a  low  part 

of  the  Sacramento  Valley,  is  also  very  arid  at  3.26  inches  per  year,  al- 
though the  isohyet  map  indicates  that  the  Detrital/Sacramento  valleys 
in  general  receive  8-10  inches  per  year.   The  Hualapai  Valley  represents 
a  dry  "finger"  extending  down  from  the  Lake  Mead  area  at  the  north  edge 
of  the  study  area;  the  valley  receives  6-10  inches  of  rain  per  year, 
except  for  the  Red  Lake  playa,  which  receives  less  than  6  inches  per  year. 

(2)  Mountains.   In  contrast  to  the  valley  floors  and  the  Colorado 
River  trough,  areas  above  4000  feet  receive  10  or  more  inches  of  rain 
and  snow  per  year;  all  of  the  U.S.  Weather  Service  stations  in  Table  B-5 
show  an  annual  average  rainfall  of  close  to  10  inches.   The  two  exceptions, 
Beaver  Dam  and  Kingman,  are  actually  anomalous  stations.   Kingman's  annual 
precipitation  is  intermediate  between  valley  and  mountain  amounts  —  about 
7  inches  per  year  —  as  would  be  expected. 

The  isohyet  map  lines  of  precipitation  over  10  inches  per  year  match 
very  closely  with  the  topography  map  (Figure  B-2  )  of  elevation  above 
3500  feet;  from  the  topography  of  the  region  it  would  be  expected  that,  as 
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FIGURE  B-5 
REGIONAL  PRECIPITATION  PATTERN 


Source:  BLM  Unit  Resource  Analysis 


2.0 
1.8 

1.6 

1.4 


1.2 


o.o  \, 

Jan.      Feb.      Mar.      Apr.      May 


Kingman 
Davis   Dam 


Yucca 


/    y 


June   July   Aug.  Sept.  Oct.   Nov.   Dec 


Kingman  #2  Station  * 
Davis  Dam  y/2  Station  »■ 
Yucca  1  NNE  Station     . 
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FIGURE  B-6 
SEASONAL  PRECIPITATION  PATTERN 
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TABLE 

B- 

-4 

VALLEY  PRECIPITATION 
(inches) 

Station 

Annual  Average 

Willow  Beach 

4.71 

Davis  Dam 

2.47 

Yucca 

3.26 

Kingman 

7.21 

Lake  Havasu  C: 

Lty 

1.44 

Parker 

3.82 

NOTE:   Some  values  corrected  to  agree  with  30-year  normals. 


Source:   NOAA,  Climatological  Data,  1975  Annual  Summary  for 
Arizona. 
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TABLE  B-5 

MOUNTAIN  PRECIPITATION 
(inches) 


Station 
Beaver  Dam 
Colorado  City 
Kingman 
Peach  Springs 
Pierce  Ferry 
Truxton  Canyon 
Bagdad 


Annual 

Average 

6, 

.47 

9. 

,84 

7, 

,21 

10. 

,91 

9, 

,84 

10. 

,66 

9, 

,99 

NOTE:   Some  values  corrected  to  agree  with  30-year  normals, 


Source:   NOAA,  Climatological  Data,  1975  Annual  Summary  for 
Arizona. 


B-21 


the  isohyet  map  shows,  the  Black  Mountains  have  very  little  area  receiving 
more  than  12  inches  of  precipitation  per  year,  the  Cerbat  Mountains,  rising 
to  7000  feet,  contain  a  larger  area  receiving  more  than  12  inches,  and  the 
Hualapai  Mountains,  with  peaks  to  8400  feet,  are  largely  within  the  area 
receiving  more  than  12  inches  of  rain  and  snow  per  year.   The  Music  Moun- 
tain area  and  the  plateaus  above  the  Grand  Wash  Cliffs,  to  the  northeast 
of  the  study  area,  also  receive  more  than  12  inches  of  rain  per  year. 

The  reliability  of  an  area  receiving  a  given  level  of  precipitation 
in  a  particular  year  is  rather  low,  as  indicated  in  Figure  II-3,  which 
is  a  plot  taken  from  the  BLM  unit  resource  analysis  showing  annual  average 
rainfall  at  Kingman  for  13  consecutive  years.   The  range  is  between  less 
than  4  inches  in  1956  to  more  than  16  inches  in  1965.   It  should  be  noted 
that  according  to  the  10-year  averages  of  close  to  10  inches  of  rainfall 
per  year,  Kingman  would  qualify  as  a  mountain  station  for  precipitation, 
although  its  elevation  is  only  3340  feet  and  its  temperature  pattern  is 
that  of  the  valleys. 

B.    AIR  QUALITY 

The  nature  and  distribution  of  existing  pollutant  sources  in  the 
Cerbat/Black  Mountain  area  are  discussed  below.   Their  influence  on 
ambient  air  quality  depends  upon  fundamental  properties  of  air  contaminant 
dispersion  which  is  a  function  of  regional  meterology.   The  strong  winds 
prevalent  in  this  area  can  transport  pollutants  over  long  distances.   For 
fixed-point  source  emissions,  strong  wind  results  in  rapid  dilution.   Under 
average  conditions,  the  local  concentration  of  air  contaminants  is  ex- 
pected to  be  low,  although  the  cumulative  long-range  impact  of  wind-borne 
dust  is  significant  primarily  due  to  the  high  wind  environment. 

Conditions  of  low  wind  result  in  the  highest  local  concentrations  of 
contaminants  from  point  sources.   There  are  occasional  periods  of  low  wind 
in  the  study  area  coupled  with  conditions  of  low  thermal  stability  which 
can  result  in  intense  fumigation  of  the  ground  near  a  point  source  dis- 
charge, or  with  conditions  of  high  thermal  stability  under  thermal  inver- 
sions, which  can  result  in  high  concentrations  of  contaminants  within  an 
enclosed  valley. 

In  general,  meteorologic  conditions  are  favorable  for  the  rapid  dilu- 
tion and  dispersal  of  point  source  emissions  such  as  power  plant  stack 
gases  or  highway  vehicle  exhaust.   Conversely,  the  meteorologic  conditions 
are  favorable  to  the  production  and  long-range  transport  of  particulate 
matter,  and  it  is  the  latter  problem  which  is  predominant  within  the 
Cerbat/Black  Mountain  area. 

Based  on  an  overall  appraisal  of  the  relationship  between  observed 
particulate  loads  in  primarily  urban  areas  and  estimates  of  public  health 
and  property  impacts,  the  U.S.  Environmental  Protection  Agency  established 
a  set  of  National  Ambient  Air  Quality  Standards  (NAAQS)  for  particulates. 
In  principal,  attainment  of  the  primary  air  quality  standards  assures  that 
there  would  be  no  adverse  impact  on  public  health.   The  secondary  air 
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quality  standards  are  designed  to  protect  property.   Many  states,  including 
Arizona,  have  adopted  standards  more  stringent  than  the  Federal  NAAQS . 
Generally,  the  level  sought  by  the  states  is  that  designated  by  the  Fed- 
eral Government  as  a  secondary  standard.   Table  B-6   shows  air  quality 
standards  for  particulates  and  sulfur  dioxide  applicable  to  the  Cerbat/ 
Black  Mountain  area. 

a.    Sources 

In  northwestern  Arizona,  sources  of  particulates  of  all  kinds 
are,  in  order  of  decreasing  importance,  desert  dust,  dirt  roads, 
mining  activities,  power  generating  stations,  and  livestock  corrals.   Blow- 
ing dust  in  desert  areas,  especially  the  valley  floors,  is  quite  commin  in 
dry  summer  months  and  in  the  windy  spring  months.   A  certain  amount  of  this 
dust  would  become  airborne  regardless  of  man's  activities  in  desert  areas, 
since  the  desert  always  contains  some  unvegetated  flats  or  playas,  and  the 
desert  floor,  slopes  of  mesas,  and  animal  burrows  represent  a  certain 
amount  of  free  dust  and  sand. 

It  is  difficult  at  present  to  speak  of  a  truly  "background"  or 
naturally-produced  level  of  particulates  (that  is,  suspended  desert  dust) 
because  a  substantial  portion  of  the  blowing  dust  would  not  have  been 
lifted  into  the  air  were  it  not  for  widespread  historical  and  present  cattle 
grazing  in  areas  of  thin  soil  and  sparse  vegetation.   Not  only  does  the 
topsoil  gradually  become  blown  away  so  that  the  more  rich  potential  natural 
vegetation  (grasses  rather  than  scattered  desert  shrubs  and  cactus)  cannot 
grow;  cattle  hoofs  break  the  gravel-glaze  surface  or  "hardpan"  of  the  ex- 
posed clay  soils,  subjecting  the  fine  clay  particles  to  lifting  and  traas- 
port  by  desert  winds  and  updrafts.   It  is  probable  that  cattle  and,  in- 
directly, man-generated  particulate  dust  load  in  northwest  Arizona  is 
responsible  for  roughly  one-half  of  recorded  dust  levels  in  rural  areas. 

A  similar  source  of  blowing  dust/particulates  in  ranching  areas  is 
the  network  of  unpaved  roads.   The  roads,  like  the  desert  floor,  would 
develop  a  hardpan  surface  of  glaze  covered  with  pebbles  and  large  sand 
grains,  the  winds  having  blown  away  all  the  fine  dust  fraction  of  any 
fresh  soil.   This  hard,  windproof  surface  would  remain  and  roads  would 
not  be  a  source  of  blowing  dust  except  that  every  vehicle  passing  along 
the  road  breaks  the  surface  and  exposes  fresh  fine  dust  to  the  winds. 
Although  the  average  daily  traffic  (ADT)  on  the  ranch  roads  in  northwest 
Arizona  is  very  low  —  less  than  50  and  more  often  around  10  —  this  level 
of  disruption  of  road  surface  is  enough  to  keep  the  clay  dust  continually 
exposed  to  lifting  and  transport  by  winds. 

Other  particulates  sources,  directly  man-generated,  are  the  mining, 
construction,  and  mineral  industries  listed  in  Table  B.-7   and  located 
in  Figure  II-5.   The  largest  particulates  emissions  sources  in  the  study 
area  are  the  Duval  Corporation  mine  at  Chloride,  emitting  87  tons  per 
year  of  particulates,  and  the  Lake  Havasu  Materials  industry,  emitting 
36  tons  per  year  of  particulates.   While  both  of  these  emissions  levels 
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TABLE  B-6 


AxMBIENT  AIR  QUALITY  STANDARDS 


PARTICULATES 
(yg/m3) 


Time 
Interval 

1  year 

1  day 


Federal 


Primary    Secondary 
75         60 
260         150 


Arizona 

&  Nevada 

California 

60 

60 

150 

100 

AMBIENT  AIR  QUALITY  STANDARDS 
SULFUR  DIOXIDE 


Time 
Interval 

1  year  (yg/m^) 
(pphm) 

1  day   (pg/m  ) 
(pphm) 

3  hrs.  (yg/mJ) 
(pphm) 

1  hr.   (yg/m3) 
(pphm) 


Federal 
Primary    Secondary 

79 
3 


367 

14 

1,310 
50 


Arizona 

&  Nevada 

Ca 

li 

f ornia 

52 

2 

- 

262 

10 

4 

1,310 

50 

- 

1 

,310 

— 

50 

I 


NOTE:  -  indicates  no  standard  applicable, 
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TABLE  B-7 
POINT  SOURCE  EMISSIONS  INVENTORY 


Pollutants  (tons/year) 


Establishment 
WMK  Transit  Co. 
D.C.  Speer  Construction  Co 
Lake  Havasu  Materials 
Duval  Corporation 


Particulates 

SO 

NO 

X 

HC 

CO 

Year 

1 

0 

0 

0 

0 

1972 

16 

0 

0 

0 

0 

1972 

36 

1 

3 

0 

0 

1975 

87 

1,323 

0 

12 

0 

1975 

Source:  Arizona  Department  of  Health  Services,  1975  Air  Quality  Data  for  Arizona 
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reflect  significant  earth-moving  or  industrial  activities  and  would  lead 
to  local  pollution  conditions  warranting  abatement  and  plant  particulate 
control  measures,  these  emissions  would  not  cause  regional  problems  in 
themselves  as  they  represent  less  than  1%  of  the  probable  annual  particulate 
load  of  Mohave  County. 

The  Mohave  Generating  Station  near  Bullhead  City  does  emit  particulates, 
but  the  atmospheric  survey  conducted  by  Desert  Research  Institute  shows 
that  this  plant's  particulates  do  not  add  to  local  levels  of  particulate 
matter.   In  known  high  sulfur  dioxide  areas  of  high  stack  gas  plume  in- 
fluence, particulate  readings  are  similar  to  their  historic  (pre-plant) 
levels.   Moreover,  as  stations  such  as  Riverbend  and  Needles,  with  high 
particulate  readings,  it  has  been  established  through  aerial  photography 
and  sulfur  dioxide  monitoring  that  the  generating  plant's  plume  does  not 
influence  the  air  quality  and  that  the  high  particulate  readings  must  be 
due  to  the  increasing  levels  of  recreational  activities,  construction  and 
especially  to  the  recent  large-scale  breaking  of  new  ground  for  irrigated 
agriculture  in  the  Colorado  River  valley  strip. 

Lastly,  the  small  corrals  scattered  throughout  the  ranching  country 
comprising  most  of  the  study  area  do  contribute  small,  localized  amounts 
of  dust  at  times  of  roundup,  but  these  occur  only  once  in  the  spring 
when  the  ground  is  still  relatively  moist  from  the  winter  rains.   The 
temporary,  large  amounts  of  dust  raised  by  these  corrals  is  immediately 
diluted  by  strong  prevailing  desert  winds  and  dispersed  widely  over  the 
large  basin. 

b.    Particulates  Loading 

Overall,  dust  particulate  loading  in  the  study  area  is  likely 
to  be  greatest  in  the  late  spring  and  early  summer,  when  the  ground 
has  simultaneously  lost  the  moisture  from  the  winter  rains  and  is 
exposed  to  the  high  spring  winds.   One  particularly  severe  dust  storm 
occurred  on  June  17,  1975,  and  produced  particulate  concentrations 
in  the  Colorado  River  area  from  Needles  to  Katherine  Landing  from  200  ug/m-* 
(Needles)  to  more  than  1800  Mg/m3  (Riverbend  site  at  Riviera) .   This  dust 
storm  affected  places  as  far  west  as  Palm  Springs,  California,  and  as  far 
south  as  Blythe,  on  the  California  side  of  the  Colorado  River.   Storms 
such  as  this  and  those  of  less  severity  occur  in  the  study  area  and  re- 
quire occasional  dust  storm  warnings  from  the  Arizona  Highway  Patrol,  al- 
though the  patrol  has  never  chosen  to  officially  close  any  roads  due  to 
these  storms.   Because  of  these  periodically  high  dust  levels,  no  part  of 
the  study  area,  except  possibly  mountain  areas,  can  be  said  to  consistently 
meet  state  or  Federal  standards  for  particulates. 

However,  as  can  be  seen  from  Table   B-8  ,  the  1975  particulates  summary 
from  the  Arizona  Department  of  Health  Services  indicates  that  the  annual 
geometric  mean  (a  good  measure  of  typical  air  quality  since  not  affected 
disproportionately  by  extremes)  of  particulates  in  study  area  stations  is 
under  the  average  for  the  state  and  well  under  the  Federal  primary  standard 
of  75  Mg/m-^,  except  for  the  agricultural  river  towns  of  Bullhead  City  and 
Riviera.  (See  Figure       .11-5   for  locations  of  particulates  point  sources.) 
The  relatively  high  average  at  Chloride  is  due  to  the  Duval  Mine.   The 
temporary  bursts  of  high  levels  of  particulates  characteristics  of  most 
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TABLE  B-8 
1975  PARTICULATES  SUMMARY 


Annual  Geometric 
Mean  (ug/m3) 


Federal  Primary  Standard 
Arizona  Standard 


Nearest  Town 

Riviera 

Bullhead  City 

Chloride 

Kingman 

Katherine  Landing 

Riviera 

Davis  Dam 

Lake  Havasu  City 

Katherine  Landing 
Davis  Dam 


75 

60 

Annual  Geo- 

metric Mean 

(ug/m3) 

Location 

Riverbend  175 

DRI  Office,  224  Main  St.  82 

Duval  Mineral  Park  Mine  7  3 

305  W.  Deale  St.  57 

(not  reported)  45 

Camera  Site  44 

DRI  Mountain  42 

Lake  Havasu  Community 

Hospital  42 

Ranger  Maintenance  Yard  40 

U.S.  Bureau  of  Reclamation  37 


Maximum  24  Hr . 
Average  (ug/m3) 

260 
150 


Maximum  24  Hr, 
Average 
(yg/m3) 

1,807 

565 

420 

387 

152 

831 
1,067 

780 
669 
658 


Average  value  for  State  of  Arizona 
Range  for  State 


high 
low 


85 

232 

14 


Source:   Arizona  Department  of  Health  Services,  1975  Air  Quality  Data  for 
Arizona; 
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study  area  locations  due  to  desert  disturbance  is  reflected  in  the  con- 
sistent violation  by  all  stations  of  the  state  and  the  Federal  standards 
for  the  highest  24-hour  average  reading  of  150  ug/nH  and  260  ug/nH. 
Again,  the  worst  offenders  are  stations  in  the  Colorado  River  strip  just 
off  the  study  area.   Local  wind  patterns  would  keep  the  silt-laden  air 
of  this  strip  channeled  within  the  river  trough  in  a  north-south  tra- 
jectory so  the  heavier  particulate  loading  would  not  enter  rangelands  to 
the  east  in  any  significant  amounts. 

While  significant  short-term  violations  of  particulate  standards  do 
occur  in  the  study  area,  the  particulates  are  not  composed  of  as  great  a 
proportion  of  the  hazardous  constituents  which  prompted  the  establishment 
of  air  quality  standards.   (See  Table  B  -  9.)   Most  of  the  particulate 
matter  in  the  study  area  is  composed  of  inert  mineral  material,  such  as 
metal  oxides  and  the  silicon  oxides  of  sand  and  clay,  as  opposed  to 
chemically  active  or  corrosive  or  physiologically  active  constituents 
such  as  carbon  monoxide,  nitrogen  oxides,  or  organic  acids  and  other 
organic  compounds.   Even  Kingman,  the  only  urban  area,  falls  below  the 
typical  American  urban  center  in  proportion  of  benzene-soluble  particulates; 
most  other  cities,  as  listed  in  the  HEW  publication,  "Air  Quality  Criteria 
for  Particulate  Matter,"  have  about  one-tenth  benzene-soluble  particulates, 
whereas  Kingman's  benzene-soluble  fraction  is  only  one-twentieth.   Another 
way  of  saying  that  Kingman  is  not  typical  of  most  U.S.  cities  with  an 
equal  amount  of  particulate  loading  is  that  only  half  of  Kingman's  par- 
ticulates are  or  urban  origin  —  fuel  combustion,  vehicle  exhaust, 
various  industrial  processes  —  and  the  other  half  are  dusts  from  the 
surrounding  desert. 

The  other  stations  monitored  for  composition  of  particulates  — 
Chloride,  Davis  Dam,  and  Lake  Havasu  City  —  show  the  lowered  benzene- 
soluble  particulate  fraction  typical  of  remote  or  non-urban  areas. 
Chloride's  higher-than-background  (12.2  ug/rn-^  as  opposed  to  about  3  or 
4  Mg/m-*)  sulfate  fraction,  as  well  as  its  higher-than-average  copper 
fraction  reflect  the  extraction  of  copper  sulfate,  the  principal  copper 
ore  mined  in  Arizona.   Higher  trace  metals  such  as  iron  and  zinc  are  also 
typical  of  the  dusts  surrounding  copper  mines.   Compared  to  other  copper 
mines  in  the  state,  the  Duval  Mineral  Park  mine  at  Chloride  pollutes 
the  air  relatively  litte:   Chloride's  particulates  (annual  geometric  mean) 
for  1975  was  73  pg/m  ,  whereas  Ajo's  was  about  120  ug/m^,  Douglas  about 
90  ug/m^,  and  the  Twin  Buttes  Duval  Sierrita  Mine  near  Tucson  about 
180  Mg/m^.   With  the  exception  of  the  Duval  Mineral  Park  mine's  sulfate 
component,  most  particulates  generated  in  the  study  area  do  not  pose  public 
health  concerns. 

2.    Sulfur  Oxides  and  Other  Gaseous  Pollutants 

a.    Sources 

The  two  major  sources  of  sulfur  dioxide  in  or  adjacent  to  the  study 
area  in  northwest  Arizona  are  the  Duval  Mine  at  Chloride,  emitting  1323 
tons  per  year  of  sulfur  dioxide  (see  Table  B-10)  and  the  Mohave  Generating 
Station  west  of  Bullhead  City.   Emissions  data  were  not  obtained  for  this 
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TABLE  B-10 
1975  SULFUR  DIOXIDE  SUMMARY 


Federal  Primary  Standard 
State  Standard 


Nearest  Town 
Davis  Dam 
Bullhead  City 
Katherine  Landing 
Riviera 
Riviera 
Chloride 
Davis  Dam 


Location 

DRI  Mountain 

DRI  Office,  224  Main  St 

Ranger  Maintenance  Yard 

Camera  Site 

Riverbend 

Duval  Mineral  Park  Mine 

U.S.  Bureau  of  Reclamation 


Maximum  24  Hr. 

Annual  Average 

Average 

(yg/m3) 

(Ug/m3) 

80 

365 

50 

260 

Maximum  24  Hr. 

Annual  Average 

Average 

(yg/m3) 

(yg/m3) 

13 

<13 

<13 

<13 

<13 

<13 

<13 

<13 

<13 

<13 

12 

26 

.on    10 

51 

Average  value  for  State  of  Arizona 
Range  for  State: 


high 
low 


53 

244 
0 


Source:   Arizona  Department  of  Health  Services,  1975  Air  Quality  Data  for 
Arizona 
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station,  but  its  sulfur  dioxide  containing  plume  does  not  cause  measurable 
air  quality  degradation.   The  generating  station's  plume  is  consistently 
channeled  up  and  down  the  Colorado  River  trough  and  does  not  include  the 
study  area  in  its  zone  of  impact;  the  highest  concentration  of  sulfates 
reaching  the  study  area  (in  the  summer  months)  is  about  16  ug/m^  (see 
Figure  B-7) ,  well  under  the  most  stringent  ambient  air  quality  standard  — 
Arizona's  annual  standard  of  50  ug/m^.   The  only  other  recorded  source  of 
sulfur  dioxide  in  the  study  area  is  Lake  Havasu  Materials  industry,  which 
emits  a  negligible  1  ton  of  sulfur  dioxide  per  year;  this  industry  is  also 
the  only  source  of  nitrogen  oxides  —  an  insignificant  3  tons  per  year. 
Among  the  other  gaseous  pollutants,  hydrocarbons  (12  tons  per  year)  are 
emitted  only  by  the  Duval  Mine,  and  carbon  monoxide  is  not  emitted  by  any 
recorded  point  sources. 

Carbon  monoxide,  hydrocarbons,  and  nitrogen  oxides  are  all  products 
of  combustion  and  are  concentrated  near  major  roads  and  highways,  especi- 
ally in  and  around  urban  areas.   In  the  case  of  study  area  road,  their  ADT 
of  about  6000  or  under  (see  Figure  B-ll  )  is  trivial  and  would  not  produce 
enough  of  these  gaseous  pollutants  to  accumulate  and  violate  any  standards, 
given  the  large  basin  and  the  vigorous  ventilation  of  the  study  area. 

b.    Sulfur  Dioxide  Loading 

As  can  be  seen  from  Table  B-10,  both  the  Duval  Mine  at  Chloride 
and  the  river  stations  do  not  cause  any  violations  of  Federal  or 
state  ambient  air  quality  standards -for  sulfur  dioxide.   Their  average 
sulfur  dioxide  values  of  10-13  ug/m   fall  far  below  the  average  value 
for  the  state  as  well.   Because  the  ambient  sulfur  dioxide  levels 
are  so  low  even  in  the  few  localities  where  this  pollutant  is  emitted 
in  the  study  area,  sulfur  dioxide  is  not  a  pollutant  of  concern  for 
the  present  and  probably  for  the  foreseeable  future. 

Also  monitored  by  the  Arizona  Department  of  Health  Services  for  1975 
was  nitrogen  oxides;  as  seen  in  Table  B-ll  ,  the  ambient  nitrogen  oxides 
concentrations  near  the  available  stations  (all  by  the  Colorado  River 
where  most  of  the  urbanization  and  nitrogen  oxides  would  be  located)  are 
very  low  compared  with  the  Federal  and  Nevada  state  annual  standard  of 
131  ug/m-5  average.   The  highest  24-hour  readings  in  Davis  Dam  and  Bullhead 
City  both  reflect  the  concentration  of  recreational  vehicles  and  tourist 
traffic  that  enters  these  locations  year  around  and  especially  in  the 
summer . 
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FIGURE  B-7 
AMBIENT  SULFUR  DIOXIDE  NEAR  COLORADO  RIVER:  SUMMER  MAXIMUM  EASTWARD  TRANSPORT 
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FIGURE  B- 8 
AVERAGE  DAILY  TRAFFIC 
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TABLE   B-ll 
1975  NITROGEN  DIOXIDE  SUMMARY 


Maximum  24  Hr, 
Annual  Average      Average 
(yg/mJ)  (ug/mJ) 


Federal  Primary 

Standard 

131 

Nevada  Standard 

131 
Annual  Average 

(yg/m3) 

Max 

imum  24  Hr. 
Average 

Nearest  Town 

Location 

U.S.  Bureau  of 

(yg/m3) 

Davis  Dam 

Reclamation 

17 

57 

Bullhead  City 

DRI  Office,  224  Main  St. 

17 

54 

Davis  Dam 

DRI  Mountain 

17 

20 

Riviera 

Riberbend 

15 

30 

Katherine  Landir 

ig 

Ranger  Maintenance  Yard 

11 

16 

Riviera 

Camera  Site 

10 

24 

Source:   Arizona  Department  of  Health  Services,  1975  Air  Quality  Data  for  Arizona. 
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APPENDIX  C 
DESCRIPTION  OF  THE  SOIL  ASSOCIATIONS 


DESCRIPTION  OF  THE  SOIL  ASSOCIATIONS 


A  soil  association  is  a  group  of  defined  and  named  soil  units  occurring 
together  in  a  characteristic  pattern  over  a  geographic  region.   Soil  associ- 
ations have  been  used  in  this  report  as  a  way  of  identifying  soils  in  the 
area.   Twelve  associations  were  recognized  and  are  described  as  follows: 


A.  ANTHO-VINT-GILMAN  ASSOCIATION 

Deep,  coarse  to  medium-textured,  nearly  level  to  gently  sloping  soils 
on  floodplains  and  low  alluvial  fans. 

This  association  occupies  the  floodplains  and  alluvial  fans  adjacent 
to  the  Colorado  River  south  of  Hoover  Dam  and  the  valley  drained  by 
Sacramento  and  Buck  Mountain  washes  in  the  vicinity  of  Yucca.   Slopes  are 
0-2%  on  the  floodplain  and  range  up  to  5%  on  the  alluvial  fans.   The  soils 
are  more  than  60  inches  deep  and  are  forming  in  recent  alluvium  from  mixed 
igneous  and  sedimentary  rocks.   The  native  vegetation  consists  of  mesquite 
and  tamarisk  along  the  Colorado  River  with  arrowweed  and  salt  grass  in 
open  areas  and  cattail  in  marshy  areas.   On  the  low  fans  above  the  river, 
vegetation  is  a  sparse  stand  of  desert  shrubs  that  include  creosote  bush, 
bur  sage,  and  cacti,  with  a  scattering  of  galleta  and  annual  weeds  and 
grasses.   Elevations  range  from  450  feet  along  the  Colorado  River  flood- 
plain  to  2000  feet  on  the  alluvial  fans  near  Yucca.   Mean  annual  precipita- 
tion ranges  from  4-8  inches. 

Antho  soils  make  up  about  50%  of  the  unit,  Vint  soils  30%,  and  Gilman 
soils  10%  of  the  association.   The  remaining  10%  consists  of  intermixed 
areas  of  sandy  and  gravelly  soils,  and  the  finer  textured  Glenbar  soils. 
Small  water  and  wetland  areas  are  also  included. 

Antho  soils  are  light  colored  and  have  sandy  loam  and  gravelly  sandy 
loam  surfaces  and  underlying  material.   The  underlying  material  is  strat- 
ified and  may  have  thin  layers  ranging  from  silt  loam  to  gravelly  loamy 
sand.   Vint  soils  are  light  colored  loamy  fine  sands,  and  loamy  sands  with 
thin  strata  of  silt  loam  and  very  fine  sandy  loam  in  the  underlying  layers, 
Gilman  soils  are  light  colored  and  medium  textured.   All  of  these  soils 
are  usually  calcareous  and  are  subject  to  flooding  unless  protective 
measures  are  established. 

The  soils  are  used  for  rangeland,  recreation,  and  wildlife  habitat. 
Limited  areas  are  used  for  irrigated  crops  and  homesites. 

B.  LAVEEN-RILLITO-CARRIZO-ANTHO  ASSOCIATION 

Deep,  limy,  medium  textured,  and  gravelly,  moderately  coarse  and 
coarse-textured,  nearly  level  to  moderately  sloping  soils  on  dissected 
high  terraces  and  alluvial  fans. 
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This  association  consists  of  nearly  level  to  moderately  sloping  soils 
on  dissected  high  terraces  and  alluvial  fans.   Slopes  are  dominantely 
0-8%  but  include  short  side  slopes  up  to  50%  or  more.   The  soils  are  formed 
in  both  old  and  recent  mixed  alluvium.   The  native  vegetation  is  a  sparse 
growth  of  desert  shrubs  and  cacti  that  include  creosote  bush,  bur  sage, 
paloverde,  catclaw,  alfileria,  cacti,  three-awns,  and  annual  weeds  and 
grasses.   Mean  annual  precipitation  ranges  from  4-8  inches.   Elevations 
range  from  500-2000  feet. 

Laveen  and  Rillito  soils  make  up  about  40%  of  this  association; 
Carrizo  soils,  25%;  and  Antho  soils  about  25%.   Minor  inclusions  in  the 
unit  are  the  shallow,  limy  Cavelt  soils;  the  stratified  medium-textured 
Gilman  soils;  and  the  coarse-textured  Vint  and  Brios  soils. 

Laveen  soils  have  calcareous  loam  surface  layers  and  limy  loam  sub- 
strata that  contain  many  lime  masses  and  nodules.   Local  areas  may  be 
alkali  (sodic).   They  generally  occur  on  the  nearly  level  and  gently 
sloping  terraces.   Rillito  soils  have  gravelly  sandy  loam  surface  layers 
and  gravelly  sandy  loam  or  gravelly  loam  underlying  layers  that  are  high 
in  calcium  carbonate.   They  occupy  the  dissected  alluvial  fans  and  ridges. 
Carrizo  soils  have  light  colored  loamy  fine  sand  surface  layers  over 
stratified  very  gravelly  coarse  sand  substrata  that  extend  to  a  depth  of 
60  inches  or  more.   Local  areas  are  gravelly  and  very  gravelly  on  the 
surface.   Antho  soils  are  light  colored  and  have  sandy  loam  and  gravelly 
sandy  loam  surface  layers  and  stratified  sandy  loam  or  gravelly  sandy 
loam  substrata  with  thin  layers  of  finer  or  coarser  materials  to  a  depth 
of  60  inches  or  more.   Carrizo  and  Antho  soils  are  subject  to  flooding 
in  local  areas. 

These  soils  are  used  for  rangeland,  recreation,  and  wildlife  habitat. 
Some  areas  are  subdivided  and  used  for  homesites. 

C.    LOMITAS-ROCK  OUTCROP-GACHADO  ASSOCIATION 

Shallow  and  very  shallow,  gravelly  and  very  gravelly,  or  very  cobbly, 
medium  and  moderately  fine-textured,  moderately  sloping  to  very  steep  soils 
and  Rock  outcrop  on  hills  and  low  mountains. 

This  association  is  on  hills  and  low  mountains  just  east  of  the 
Colorado  River  and  south  of  Hoover  Dam.   Elevations  range  from  600-2500 
feet.   Slopes  are  dominantly  15-30%,  but  range  from  5-60%.   The  soils 
are  formed  mainly  on  granite  and  gneissic  rocks  but  areas  of  rhyolite 
and  andesite  are  also  included.   Native  vegetation  includes  paloverde, 
ocotillo,  catclaw,  bur  sage,  and  numerous  cacti  including  some  galleta, 
black  grama,  and  bush  muhly.   Average  annual  precipitation  ranges  from 
4-8  inches. 

Lomitas  soils  make  up  about  35%  of  the  unit;  Rock  outcrop  and  Stony 
land,  40%;  and  Gachado  soils,  15%.   The  remaining  10%  consists  of  small 
areas  of  gravelly  alluvial  soils  on  fans  and  drainageways . 
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Lomitas  soils  have  very  cobbly  loam  surfaces.   The  subsoil  is  a  very 
gravelly  loam  about  8  inches  thick  over  calcareous  very  gravelly  or 
cobbly  loam  1-5  inches  thick.   Bedrock  is  usually  at  depths  of  12-18  inches. 
Slopes  are  dominantly  15-40%.   Rock  outcrop  usually  occupies  the  top  of  the 
mountain  ranges  as  near  vertical  ledges  and  pinnacles,  with  Stony  land 
occurring  as  talus  material  below  the  vertical  ledges.   It  also  occurs 
intermingled  with  very  shallow  soils  at  the  lower  elevations  on  lesser 
slopes.   Gachado  soils  have  very  cobbly  loam  surface  layers  1-3  inches 
thick  and  gravelly  to  very  gravelly  sandy  clay  loam  subsoils.   Bedrock 
is  at  depths  of  10-20  inches.   Slopes  are  dominantly  8-25%. 

Soils  in  this  association  are  used  for  rangeland,  recreation,  and 
wildlife  habitat. 

D.  ANTHONY-VINTON-AGUA  ASSOCIATION 

Deep,  medium  to  coarse-textured,  nearly  level  to  gently  sloping  soils 
on  alluvial  fans  and  low  terraces. 

This  association  consists  of  nearly  level  to  gently  sloping  soils 
formed  in  mixed  recent  alluvium.   The  association  occurs  mostly  in  the 
intermountain  valleys  between  Kingman  and  Lake  Mead.   Slopes  range  from 
0-5%.   Native  vegetation  consists  mainly  of  creosote  bush,  paloverde, 
mesquite,  cacti,  catclaw,  and  annual  grasses  and  weeds.   Joshua  trees 
occur  in  the  area  north  of  Red  Lake.   Mean  annual  precipitation  is 
5-11  inches.   Elevations  range  from  1800  feet  to  nearly  4000  feet. 

Anthony  soils  make  up  about  50%  of  this  association;  Vinton  soils, 
20%;  and  Agua  soils  about  15%.   The  remaining  15%  includes  small  areas  of 
the  medium-textured  Gila  and  moderately  fine-textured  Glendale  soils  along 
the  drainageways,  and  areas  of  limy  soils  (Cave  and  Rillino)  on  the  higher 
fans  and  ridges.   Also  included  in  the  association  are  areas  of  moderately 
fine-textured  soils  (Mohave  and  Sonoita)  in  the  Santa  Claus  area.   Gravel 
and  cobble  cover  40-60%  of  the  surface  layers  on  the  higher  fans. 

Anthony  soils  have  gravelly  sandy  loam  or  sandy  loam  surface  and  sub- 
surface layers.   These  soils  are  on  low  fans  and  floodplains  and  have 
slopes  of  0-5%.   Vinton  soils  have  loamy  sand  surface  layers  and  strat- 
ified loamy  sand  and  loamy  fine  sand  substrata.   These  soils  have  slopes 
0-5%.   Agua  soils  have  loam  surface  and  subsurface  layers  over  stratified 
sand  and  very  gravelly  sand  at  depths  of  30  inches.   Slopes  are  0-2%. 
The  soils  in  this  association  are  subject  to  flooding,  except  those  that 
occur  on  the  higher  fans. 

These  soils  are  used  mainly  for  rangeland  and  wildlife  habitat. 
Limited  areas  are  used  as  homesites. 

E.  LATENE-RILLINO-CAVE  ASSOCIATION 

Deep  and  shallow  or  very  shallow,  gravelly,  medium  to  moderately  coarse- 
textured,  limy,  nearly  level  to  strongly  sloping  soils  on  dissected  oil 
terraces . 


This  association  consists  of  nearly  level  to  strongly  sloping  soils 
on  dissected  high  terraces  and  alluvial  fans  formed  in  mixed  old  alluvium. 
Slopes  are  dominantly  0-15%,  but  short  side  slopes  on  the  terrace  faces 
range  up  to  50%.   Native  vegetation  is  creosote  bush,  blackbrush,  Joshua 
trees  in  local  areas,  catclaw,  mesquite,  cacti,  galleta,  and  black  grama. 
Mean  annual  precipitation  is  6-12  inches.   Elevations  range  from  1800- 
5000  feet. 

Latene  soils  make  up  about  30%  of  this  association;  Rillino  soils, 
30%;  and  Cave  soils  about  15%.   The  remaining  25%  consists  of  intermixed 
areas  of  the  very  gravelly  Pinaleno  and  Nickel  soils  on  the  uplands  and 
Anthony  and  Gila  soils  in  the  drainageways . 

Latene  soils  have  loam  surface  layers  and  limy  loam  or  sandy  loam 
substrata  containing  10-30%  lime  nodules  or  gravel.   The  soils  are 
60  inches  or  more  deep  and  have  dominant  slopes  of  0-5%.   Rillino  soils 
are  similar  but  contain  15-35%  rock  gravel.   They  have  gravelly  fine  sandy 
loam  surfaces  and  gravelly  loam  or  gravelly  fine  sandy  loam  substrata  that 
are  high  in  calcium  carbonate.   Slopes  are  mainly  2-15%,  but  short  side 
slopes  range  up  to  50%  in  both  the  Rillino  and  Latene  soil  areas.   Cave 
soils  have  gravelly  sandy  loam  surface  layers,  limy  and  gravelly  loam 
subsurface  layers,  and  an  indurated  lime-cemented  hardpan  at  depths  of 
4-20  inches.   Slopes  range  from  2-15%. 

Soils  in  this  association  are  used  for  rangeland,  recreation,  and 
wildlife  habitat. 

F.    CAVE  ASSOCIATION 

Very  shallow  and  shallow,  gravelly,  medium  to  moderately  coarse-textured, 
limy,  nearly  level  to  moderately  steep  soils  on  valley  slopes  and  plains. 

This  association  consists  of  nearly  level  to  moderately  steep  soils 
formed  in  calcareous,  mixed,  gravelly  old  alluvium  on  valley  slopes,  mesas, 
and  ridges.   Slopes  range  from  1-30%.   The  principal  areas  of  this  unit 
are  the  valleys  west  and  south  of  Kingman.   Native  vegetation  includes  a 
sparse  cover  of  creosote  bush,  blackbrush,  bur  sage,  Mormon  tea,  desert 
almond,  galleta,  cheatgrass,  cacti,  and  Yucca.   Mean  annual  precipitation 
ranges  from  8-10  inches.   Elevations  range  from  2000-4000  feet. 

Cave  soils  make  up  about  70%  of  the  unit.   The  remaining  30%  consists 
of  Nickel  soils  (15%  on  the  steeper  slopes)  and  Anthony  and  Arizo  soils 
in  the  drainageways. 

Cave  soils  have  gravelly  sandy  loam  surface  layers,  a  limy  and 
gravelly  loam  subsurface  layer,  and  an  indurated  lime-cemented  hardpan  at 
depths  of  4-20  inches.   In  places  the  surface  is  covered  with  30-50% 
gravel  and  cobble.   Slopes  are  dominantly  1-8%  but  range  up  to  30%. 
Nickel  soils  are  gravelly  and  very  gravelly  sandy  loams  and  are  high  in 
calcium  carbonate.   Slopes  range  from  15-30%. 
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Soils  in  this  association  are  used  for  rangeland,  recreation,  and 
wildlife  habitat.   A  few  areas  are  used  for  homesites. 

G.    CELLAR-HOUSE  MOUNTAIN-ROCK  OUTCROP  ASSOCIATION 

Very  shallow  and  shallow,  gravelly  and  cobbly,  moderately  sloping  to 
very  steep  soils  and  Rock  outcrop  on  hills  and  low  mountains. 

This  association  consists  of  the  arid  mountain  soils  south  of  the 
Grand  Canyon.   It  includes  the  Black  Mountains,  the  White  Hills,  Peacock 
Mountains,  Squaw  Peak,  and  the  hills  just  north  and  south  of  Kingman. 
The  soils  formed  in  residium  on  granite,  gneiss,  schist,  and  igneous 
rocks  including  rhyolite,  andesite,  and  tuffs.   Slopes  range  from  5-25% 
on  the  lower  foothills  to  60%  or  more  on  the  higher,  rockier  peaks. 
Native  vegetation  includes  paloverde,  mesquite,  ocotillo,  blackbrush, 
creosote  bush,  and  saguaro  and  Joshua  trees  in  some  areas.   Grasses  are 
sparse  and  consist  mainly  of  galleta,  black  grama,  bush  muhly,  three-awn, 
and  annuals.   Elevations  range  from  1500-5000  feet  but  are  mainly  2000- 
2500  feet.   Mean  annual  precipitation  ranges  from  6-10  inches,  with  limited 
areas  of  the  higher  elevations  receiving  about  12  inches. 

Cellar  soils  make  up  about  35%  of  the  unit;  House  Mountain  soils, 
25%;  and  Rock  outcrop  and  Stony  land,  30%.   The  remainder  consists  of 
shallow  and  very  shallow  fine-textured  soils  that  occur  on  lower  slopes 
and  in  saddles,  and  small  narrow  areas  of  gravelly  soils  along  the 
drainageways  and  toeslopes. 

Cellar  soils  have  very  gravelly  sandy  loam  profiles  (4-20  inches 
deep)  over  granitic  bedrock.   Most  areas  are  cobbly  and  stony  with  50- 
75%  of  the  surface  covered  with  gravel,  cobble,  and  stones;  also  some 
boulders.   Dominant  slopes  are  15-45%  but  range  from  5-45%.   House  Moun- 
tain soils  have  thin  cobbly  loam  surface  layers  and  cobbly  light  clay 
loam  underlying  layers  with  bedrock  at  5-20-inch  depths.   Slopes  are 
usually  15-60%.   Most  areas  are  gravelly  or  stony.   Rock  outcrop  occurs 
mainly  as  steep  and  very  steep  peaks,  ledges,  and  escarpments,  with  Stony 
land  occurring  as  talus  material  below  the  ledges  and  escarpments;  80- 
90%  of  the  surface  is  covered  with  cobble,  stone,  and  boulders. 

Soils  in  this  association  are  used  mainly  for  rangeland,  recreation, 
and  wildlife  habitat.   Small  areas  are  used  as  homesites.   Some  mining 
is  done  in  a  few  areas. 

H.    LITHIC  TORRIORTHENTS-ROCK  OUTCROP  ASSOCIATION 

Very  shallow  and  shallow  soils  and  Rock  outcrop  of  the  canyons,  cliffs, 
and  mesas. 

This  association  consists  of  the  Grand  Canyon  area  and  its  tributary 
canyons.   It  is  located  in  the  northeast  corner  of  the  Cerbat/Black  Mountain 
area  just  south  of  the  Colorado  River.   Native  vegetation  is  dominantly 
desert  shrubs.   Elevations  range  from  1400  feet  to  about  4000  feet.   Mean 
annual  precipitation  is  about  8-10  inches. 
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The  Lithic  Torriorthents  consist  of  shallow  and  vary  shallow, 
moderately  sloping  to  extremely  steep,  gravelly  and  cobbly  or  stony  oils 
on  limestone,  sandstone,  granite,  and  shale  bedrock  and  make  up  about 
75%  of  the  unit.   Rock  outcrop  and  Stony  land  comprise  about  20%  of  the 
association.   The  Rock  outcrop  is  usually  near  the  vertical  canyon  walls 
and  ledges  with  Stony  land  occurring  as  steep  talus  material  below  the 
vertical  walls  and  ledges. 

This  association  is  of  limited  extent  in  the  Cerbat/Black  Mountain 
study  area  comprising  about  3200  acres  or  0.2%  of  the  area. 

This  area  is  used  for  recreation  and  wildlife  habitat. 

I.    NICKEL-RILLINO-ANTHONY  ASSOCIATION 

Deep,  gravelly  and  very  gravelly,  medium  and  moderately  coarse- textured, 
nearly  level  to  strongly  sloping  soils  on  dissected  old  terraces  and  alluvial 
fans. 

This  association  consists  of  nearly  level  to  strongly  sloping,  limy 
and  gravelly  or  cobbly  soils  formed  in  old  alluvium  on  dissected  old  ter- 
races, and  nearly  level  to  gently  sloping  soils  formed  in  mixed  recent 
alluvium  in  drainageways.   The  association  occurs  in  the  northern  part  of 
the  Cerbat/Black  Mountain  area  just  south  of  Lake  Mead.   Slopes  are  domi- 
nantly  2-8%,  but  range  from  0-3%  or  more.   Native  vegetation  is  creosote 
bush,  Yucca  (Spanish  dagger  and  Joshua  trees),  catclaw,  cacti,  white  bur 
sage,  galleta,  and  annual  grasses  and  weeds.   Mean  annual  precipitation 
ranges  from  5-10  inches.   Elevations  range  from  1400-4000  feet  but  is 
dominantly  1800-3400  feet. 

Nickel  soils  make  up  about  60%  of  the  unit;  Rillino  soils,  20%;  and 

Anthony  soils,  10%.   The  remaining  10%  consists  of  small  areas  of  the 

shallow  Cave  soils  on  the  old  terraces  and  gravelly  sandy  soils  along  the 
narrow  drainageways. 

Nickel  soils  have  limy,  gravelly  or  very  gravelly  sandy  loam  surface 
layers  and  gravelly  and  very  gravelly  sandy  loam  substrata  that  are  high 
in  calcium  carbonate.   Areas  of  desert  pavement  are  common  with  many  areas 
having  60-100%  of  the  surface  covered  with  gravel,  cobble,  and  some  stones. 
These  soils  occupy  the  gently  to  strongly  sloping  ridges  and  side  slopes 
of  the  dissected  fans.   Slopes  are  dominantly  2-8%,  but  some  are  30%  or 
more.   Rillino  soils  have  gravelly  fine  sandy  loam  surface  layers  and 
gravelly  loam  or  fine  sandy  loam  substrata  that  are  high  in  calcium  car- 
bonate.  Slopes  are  mainly  2-15%.   Anthony  soils  have  gravelly  sandy  loam 
or  sandy  loam  surface  and  subsurface  layers.   These  soils  are  on  low 
alluvial  fans  and  floodplains  and  have  slopes  of  0-5%. 

These  soils  are  used  mainly  for  rangeland,  recreation,  and  wildlife 
habitat.   Some  areas  are  used  as  homesites. 

J.    TORTUGAS-PURNER- JACKS  ASSOCIATION 

Very  shallow  to  moderately  deep,  gravelly  and  cobbly,  medium  and  fine- 
textured,  gently  sloping  to  steep  soils  on  hills  and  mountains. 
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This  association  consists  of  gently  sloping  tc  steep  soils  on  lime- 
stone and  sandstone  hills,  ridges  and  mountains  in  the  eastern  and  north- 
eastern part  of  the  study  area.   Slopes  range  from  2-45%.   Elevations 
range  from  4000-6000  feet.   Vegetation  is  mainly  juniper  and  pinyon  pine 
with  some  cliffrose,  oakbrush,  ceanothus,  blue,  black,  and  sideoats  grama, 
and  annuals.   Mean  annual  precipitation  is  10-13  inches. 

Tortugas  soils  make  up  about  40%  of  the  association,  Purner  soils, 
25%;  and  Jacks  soils,  15%.   The  remaining  20%  consists  of  Rock  outcrop  and 
Stony  land,  and  small  intermixed  areas  of  Boysag  soils.   Narrow  bands  of 
recent  alluvial  soils  are  in  the  drainageways. 

Tortugas  soils  have  very  cobbly  loam  profiles  over  limestone  bedrock 
at  6-20-inch  depths.   Slopes  range  from  5-45%  or  more.   Low  ledges  of  Rock 
outcrop  are  common  in  this  unit  —  with  Stony  land  occurring  as  talus 
material  below  the  ledges  and  escarpments.   Purner  soils  have  gravelly 
profiles  with  a  lime-cemented  layer  immediately  over  the  bedrock.   Lime- 
stone or  calcareous  sandstone  bedrock  is  usually  at  depths  of  7-18  inches. 
These  soils  are  on  low  ridges  and  saddles  having  slopes  of  2-10%.   Jacks 
soils  have  fine  sandy  loam  or  cobbly  and  stony  fine  sandy  loam  surface 
layers  and  heavy  clay  loam,  clay  or  cobbly  clay  subsiols  with  sandstone 
bedrock  at  depths  of  24-42  inches.   The  included  Boysag  soils  are  similar 
to  Jacks  soils  but  bedrock  is  encountered  at  depths  of  10-20  inches. 
Slopes  are  dominantly  5-30%. 

Soils  in  this  association  are  used  for  rangeland,  recreation,  and 
wildlife  habitat. 

K.    CABEZON-RUDD-THUNDERBIRD  ASSOCIATION 

Very  shallow  to  moderately  deep,  gravelly,  cobbly  and  stony,  medium 
to  fine-textured,  nearly  level  to  steep  soils  on  basaltic  mesas  and  hills. 

This  association  consists  of  very  shallow  to  moderately  deep,  gravelly 
and  cobbly  loam  and  cobbly  clay  soils  on  basaltic  plateaus,  mesas,  and 
steep  basaltic  hills.   These  soils  occur  north  and  east  of  Hackberry. 
Slopes  range  from  0-50%  or  more.   Native  vegetation  includes  juniper,  oak- 
brush,  ceanothus,  blue  and  sideoats  grama,  tobosa  or  galleta,  and  squirrel- 
tail.   Elevations  range  from  4000-5000  feet.   Mean  annual  precipitation  is 
10-14  inches. 

Cabezon  and  Rudd  soils  each  make  up  about  25%  of  the  association  and 
Thunderbird  soils,  20%.   The  remainder  consists  of  Rock  outcrop,  Stony 
land,  Venezia  soils,  and  recent  alluvial  soils  in  the  drainageways. 

Cabezon  soils  have  cobbly  loam  surface  layers  and  cobbly  clay  subsoils 
with  fractured  basalt  bedrock  at  8-20  inches.   These  soils  occur  on  8-50% 
slopes  on  mesas,  hills,  and  the  steep  side  slopes  of  mesas  and  drainageways, 

Rudd  soils  have  gravelly  and  cobbly  loam  surface  and  subsurface  layers 
with  40-50%  cobble  and  gravel  on  the  surface.   Basalt  bedrock  is  at  depths 
of  6-20  inches.   These  soils  have  dominant  slopes  of  0-30%.   Thunderbird 
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soils  have  cobbly  clay  loam  surface  layers  and  clay  subsoils  with  basalt 
bedrock  at  depths  of  20-40  inches.   They  are  on  hills  and  mesas  with  slopes 
of  2-15%. 

Soils  in  this  association  are  used  for  rangeland,  recreation,  and 
wildlife  habitat. 

L.    BARKERVILLE-GADDES-ROCK  OUTCROP  ASSOCIATION 

Very  shallow  to  moderately  deep,  gravelly,  moderately  coarse  to  moder- 
ately fine-textured,  strongly  sloping  to  steep  soils  and  Rock  outcrop  on 
granitic  hills  and  mountains. 

This  association  occurs  on  the  high  granitic  mountains  (Cerbat  and 
Cottonwood)  and  on  the  Grand  Wash  Cliffs  north  of  Hackberry.   The  soils 
on  the  lower  elevations  of  this  association  are  quite  similar  to  those 
described  in  association  No.  7.   Slopes  range  from  15-60%  or  more.   Parent 
rocks  are  mainly  granite  and  gneiss  with  some  andesite  and  rhyolite  in- 
cluded.  Elevations  are  dominantly  from  4000-6700  feet  but  some  mountain 
peaks  are  more  than  7000  feet.   Native  vegetation  includes  catclaw,  oak- 
brush,  juniper,  mountain  mahogany,  and  manzanita  with  some  sideoats,  and 
blue  grama  and  needlegrass.   Mean  annual  precipitation  is  10-14  inches. 

Barkerville  soils  make  up  about  30%  of  this  association;  Gaddes  soils, 
20%;  and  Rock  outcrop  and  Stony  land,  30%.   The  remainder  consists  of 
Cellar  soils  at  the  lower  elevations,  Faraway  and  Luzena  soils  on  rhyolite 
and  andesite,  and  recent  alluvial  soils  along  the  drainageways . 

Barkerville  soils  have  generally  sandy  loam  or  gravelly  loamy  sand 
surface  layers  4-10  inches  thick  over  strongly  weathered  granite  or  granite 
gneiss  which  becomes  harder  and  more  consolidated  at  depths  of  20-40  inches, 
Slopes  are  15-60%.   Gaddes  soils  have  gravelly  sandy  loam  surfaces  and 
gravelly  clay  loam  subsoils  with  strongly  weathered  granite  at  depths  of 
20-40  inches.   Dominant  slopes  are  5-30%.   Rock  outcrop  occurs  as  low 
ledges  between  soil  areas,  on  escarpments,  and  along  mountain  crests,  with 
Stony  land  occurring  as  talus  slopes  below  the  Rock  outcrop.   All  soils 
in  this  association  may  have  cobbly,  stony  or  bouldery  surfaces  in  local 
areas. 

Soils  in  this  association  are  used  for  rangeland,  recreation,  and 
wildlife  habitat,  and  some  mining. 
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APPENDIX  D 
WATER  RESOURCES  DATA 


TABLE  D-l 
REPORTED  SPRINGS  IN  THE  ES  AREA 


Location 

(B-17-19)  6aa 
(B-17-20)  2cc 
(B-18-16)  7da 

9da 

15 
17bb 

31abd 

(B-18-17)24aad 

(B-18-18)20cdc 

(B-18-19)  4cdd 

9bb 

lObb 

19ba 

31ca 

(B-18-20)27dc 

(B-19-16)10ca 
llba 
19ab 
20dc 
20dd 
31ddb 
34aa 

(B-19-I9)  3cca 
4ac 
17aac 
17daa 
20dbd 
22bdb 

29ac 

(B-19-19)  4ac 
21 
22 
34cb 

(B-19-20)35aa 

(B-20-15)17bdb 
18add 
19acc 

(B-20-16)17d 

(B-20-16)21bcd 

(B-20-16)24bdb 
25cab 
25ccc 
26cdc 

29bba 

36bd 
36ddc 

(B-20-17)  2cbd 

3adb 

13aca 

14bdc 

(B-20-19)  5bb 
5bcd 
7ab 

7cd 

(B-20-19)  5bb 
5cb 
6dc 
19a 
28bb 
33ca 
33bc 


Name 


Columbine 

Warm 

Rock  Creek 


Mud 

Little  Hackberry 

Deadman 

Little  Hackberry 

Caliche 

Antelope 

Alkali 

Alkali 

Tipperary 

Good 


McHef f ery 


Whiskey  Basin 
Santa  Fe 

Cactus 
Dripping 

Twin 

Cool  (Brown) 

Baker 

Walker 

Dripping 
Goldroad 
Baker 


Tunnel 

Lonepine 

Dickey 

Grapevine 

Cottonwood 

Whiskey 

Granite 
Yellowf lower 

Granite 

Dripping 


Dozer 

Indian 

Yellowjacket 

Lookout 

Cave 

Trough 
Scenery 

Cave 

Trough 
Twin 

Fig 
Cave 


Elevation 
(feet) 

2,000 
1,900 
3,800 

4,900 

5,000 
3,800 

3,200 
3,350 

2,500 

2,700 
2,800 
2,600 
2,800 
2,300 

1,600 


4,000 
4,100 


4,200 


Date   Reported 
Water-bearing  Rock   Observed  Discharge 

Tertiary  volcanics 
Base  of  basalt 


Granite 


Remarks 


Tuff 

Tuff 

Tertiary  volcanics 

Alluvium 

Tertiary  volcanics 

Base  of  basalt 

Alluvium  and 
Tertiary  volcanics 


1964 

6 

1964 

1 

1964 
1964 

3 
1 

1952 

dry 

1964 

- 

1964 

2 

1964 

seep 

4,250 

- 

4,600 

- 

3,500 

- 

4,500 

Granite 

4,400 

Granite 

4,200 

- 

5,400 

Granite 

2,600 

Tuff 

2,800 

Tuff 

2,900 

Tuff 

2,800 

- 

3,400 

Tuff 

2,550 

Caliche 

3,200 

Tuff 

3,200 

Rhyolite 

3,000 

Alluvium 

2,500 

Stream  alluvium 

3,000 

Alluvium 

2,700 

Granite 

6,800 

Clay 

5,800 

Clay 

6,200 

Granite 

1965 


5 

,500 

Granite 

6 

,200 

Granite 

5. 

,500 

Granite 

4, 

,600 

1965 
1965 
1965 

1964 

1964 

1964 
1964 
1964 
1964 

1964 


Flow  decreases  to 
3  gpm  in  dry  season 

Flow  decreases  to  0.5 
gpm  in  dry  season 

Flow  decreases  in  dry 
season 


1964 

2 

- 

1964 

: 

- 

1964 

10 

- 

1964 

3 

- 

1964 

3 

- 

1964 

5 

- 

1964 

3 

Several 

openings 

1965 

seep 

Two  : 

seeps 

1965 

8 

- 

1965 

10 

- 

1965 

seep 

- 

1965 

small 

- 

1965 

4 

Flow 

decreases  to  3 

gpm 

in 

dry  season 

seep 


0.5 

1 

3 

25 

1-10 


1. 
3 

0. 
20 

15 


No  flow  in  early  summer 


Flow  decreases  in  dry 

season 
Flow  decreases  to  5 

gpm  in  dry  season 
Fracture 
Fracture 

Flow  decreases  to  5 
gpm  in  dry  season 

Flow  decreases  to  10 
gpm  in  dry  season 


5,900 

Granite 

1964 

0.75 

- 

6,550 

- 

1964 

5-20 

Flow 

decreases  to  5 

gpm 

in 

dry  season 

3,400 

- 

1964 

1 

- 

3,550 

- 

1964 

1 

- 

4,100 

Granite 

1964 

3-5 

Flow 

decreases  to  3 

gpm 

in 

dry  season 

3,500 

- 

1964 

5-10 

Flow 

decreases  to  5 

gpm 

in 

dry  season 

3,200 

Tuff 

1965 

seep 

- 

3,500 

Tuff 

1965 

seep 

- 

3,400 

Tuff 

1964 

seep 

- 

3,400 

Tuff 

- 

- 

- 

3,000 

Edge  of  rhyo] 

.ite 

- 

- 

- 

2,800 

Rhyolite  and 

tuff 

- 

- 

- 

2,700 

Rhyolite  and 

tuff 

- 

- 

- 

4,000 

Tertiary  volcanics 

- 

- 

- 

3,000 

Tertiary  volcanics 

- 

- 

- 

2,800 

Alluvium 

- 

- 

- 

2,900 

Alluvium 

- 

- 

- 
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TABLE   D-l  (continued) 
REPORTED  SPRINGS  IN  THE  ES  AREA 


.   1 
:ation 

Elevation 

Lo 

Name 

(feet) 
2,500 

Water-be; 
Andesite 

iring  Rock 

(B- 

•20- 

-20)  9aa 

Secret  Pass 

23ba 

Co  t  tonwood 

2,200 

Tertiary 

volcanics 

32ad 

Silver  Creek 

2,200 

Alluvium 

34aa 

Grapevine 

2,600 

Tertiary 

volcanics 

34 

Whiokey 

2,500 

Tertiary 

volcanics 

34dd 

Battleship 

2,700 

Tertiary 

volcanics 

35 

Flag 

3,400 

Rhyolite 

(B- 

■21- 

-17)  2cc 

Johnson 

3,900 

Base  of  basalt 

3aa 

Johnson  #2 

4,000 

Tertiary 

basalt 

9bb 

Willow 

3,800 

Tertiary 

tuff  and 

rhyolite 

lOad 

Van  Martyr 

3,800 

Basalt 

14db 

Lang 

3,600 

Base  of  basalt 

15bbb 

Grapevine  (Peach) 

4,000 

Base  of  basalt 

15db 

Beal 

3,800 

Rhyolite 

and  tuff 

19bab 

Jones  Seep 

3,200 

Edge  of  rhyolite 

29abb 

- 

3,300 

Rhyolite 

(B- 

21- 

■19)  31a 

Ram 

3,200 

Rhyolite 

(B- 

21- 

■20)  2dac 

Wind 

4,100 

Tertiary 

volcanics 

2cbd 

Little 

3,800 

Tertiary 

volcanics 

7c 

Wood 

2,600 

Granite 

llcdb 

- 

3,800 

Rhyolite 

and  tuff 

27da 

- 

3,200 

Rhyolite 

and  tuff 

28 

Upper  Thumb  Butte 

3,000 

Tertiary 

volcanics 

29 

Thumb  Butte 

2,400 

Rhyolite 

and  tuff 

35aa 

- 

3,900 

Rhyolite 

and  tuff 

(B- 

22- 

■17)  6bb 

Golconda 

4,400 

Schist 

8dbd 

Pine 

4,400 

Gneiss 

16dc 

Rock  Cabin 

4,500 

Gneiss 

19cac 

O'Fallen 

4,000 

Alluvium 

26cc 

Pat 

4,000 

Gneiss 

28db 

- 

4,800 

Gneiss 

(B- 

-22- 

-18)  led 

Conejo 

4,000 

Schist 

(B- 

-22- 

-20)  7ca 

Mud 

2,700 

Alluvium 

9 

Burns 

4,000 

Tertiary 

volcanics 

13ac 

Cottonwood 

3,800 

Alluvium 

14da 

Willow 

4,000 

Rhyolite 

and  tuff 

16a 

Rhyolite 

4,100 

Tertiary 

volcanics 

21ba 

Cane 

4,000 

Tertiary 

volcanics 

26da 

Burro 

4,300 

Rhyolite 

and  tuff 

33 

Cane 

3,400 

Tertiary 

volcanics 

36ba 

Little  Thomas 

3,300 

Alluvium 

36cb 

Red  Rock 

3,300 

Alluvium 

36cd 

Brasswell 

3,300 

Alluvium 

(B- 

-23- 

-13)  3caa 

Valentine 

4,650 

Granite 

9aa 

Boulder 

4,600 

Granite 

9bb 

- 

4,800 

Granite 

lldb 

- 

4,600 

Tertiary 

gravel 

14da 

- 

4,600 

Granite 

16aa 

Dead  Cedar 

4,000 

Granite 

17dd 

South 

4,000 

Gneiss 

18cd 

- 

3,900 

Basalt 

24bd 

Cottonwood 

4,600 

Base  of  Tertiary 

gravel 

(B- 

-23- 

-14)  Ida 

- 

3,900 

Gneiss 

26ca 

- 

4,100 

Gneiss  and  alluvium 

28ca 

- 

4,800 

Gneiss  and  alluvium 

35aa 

Hackberry  #2 

4,200 

Gneiss  and  alluvium 

(B- 

-23 

-15)13dc 

Crescent 

3,900 

Alluvium 
gneiss) 

(edge  of 

36bd 

North  Water 

4,000 

Alluvium 
gneiss) 

(edge  of 

(B- 

-23- 

-17)  2bc 

Mustang 

4,400 

Gneiss 

4ac 

Rocky 

4,500 

Gneiss  and  alluvium 

5dc 

Brushy 

5,000 

Gneiss 

Sba 

- 

5,200 

Gneiss 

8da 

Manzanita 

5,200 

Gneiss 

18cd 

Carl  Loma  Mine 

5,000 

Gneiss  and  alluvium 

23dc 

Merrit 

4,200 

Gneiss 

29da 

Upper  C.O.D.  Mine 

6,000 

Granite 

29ad 

- 

5,400 

Granite 

29b  c 

Tyler  Mine 

5,000 

Gneiss 

32db 

Summit 

5,400 

Gneiss 

32bc 

Alpha  Mine 

5,300 

Gneiss 

32cc 

Knight  Hawk 

5,200 

Rhyolite 

Date   Reported 
Observed  Discharge 


Remarks 


1965 


Good  water 
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TABLE  D-l  (continued) 
REPORTED  SPRINGS  IN  THE  ES  AREA 


Location 

Elevation* 

Date 

Reported 

Name 

(feet) 

Water-bearin 
Gneiss 

g  Rock   Observed 

Discharge 

(B-23-18)  Ida 

Somoa  Mine 

6,000 

_ 

2ad 

Mayflower 

5,000 

Gneiss 

- 

- 

:4cb 

Grass 

4,100 

Alluvium 

- 

- 

25a 

- 

4,200 

Schist 

- 

- 

36dd 

Hog  Ranch 

3,900 

Alluvium 

- 

- 

(B-23-21)27bb 

Calles 

1,600 

Alluvium 

- 

- 

36da 

Chalk 

2,300 

Alluvium 

- 

- 

(B-24-13)  7cd 

Stone  Corral  #2 

5,200 

Tertiary 

gravel 

- 

- 

18ac 

- 

4,800 

Tertiary 

gravel 

- 

- 

35 

Crozier 

4,000 

Base  of 

rertiary 

1969 

330 

gravels 

(B-24-17)17cc 

Cedar 

4,000 

Gneiss 

- 

- 

19ba 

Mustang 

4,200 

Gneiss 

- 

- 

30ac 

Orienta 

5,000 

Granite 

- 

- 

31cb 

Lucky  Boy 

5,600 

Granite 

- 

- 

32cc 

Rock 

5,400 

Granite 

- 

- 

(B-24-18)24ab 

Park  Sadde 

5,600 

Gneiss 

- 

- 

36aa 

- 

6,000 

Gneiss 

- 

- 

36cc 

Tennessee 

5,400 

Gneiss 

- 

- 

(B-25-17)19cc 

Canyon 

4,200 

Gneiss 

- 

- 

(B-25-18)  3dba 

Cliff 

4,400 

Base  of  Muau 

lime- 

1940 

20 

stone 

9bdc 

Pine 

4,700 

Gneiss 

1965 

5-6 

13aac 

Tramway 

3,600 

Gneiss 

- 

- 

I7bc 

Lower  Indian 

4,000 

Edge  of 

jnei 

ss 

1965 

5-6 

19dca 

Arizona 

3,700 

Alluvium 

1965 

2-3 

21abd 

Upper  Indian 

5,800 

Gneiss 

1965 

10 

25aac 

Cottonwood 

4,400 

Gneiss 

1964 

0.5 

(B-25-17)19cc 

Canyon 

4,200 

Gneiss 

- 

- 

(B-25-21)20da 

Cottonwood 

4,000 

Granite 

- 

- 

20da 

Golden  Door 

3,300 

Gneiss 

- 

- 

(B-26-14)20bd 

Cohenon 

5,800 

Top  of  Bright  Angel 

- 

- 

shale 

(B-26-18)31adb 

Dolan 

3,800 

Alluvium 

1973 

5 

34bb 

Antelope 

4,600 

Base  of 

rapeats 

- 

- 

sandstone 

35bd 

Cane 

4,000 

Gneiss 

- 

- 

(B-26-21)25dc 

Kemple 

3,400 

Andesite 

and 

tuff 

- 

- 

(B-27-15)15ca 

Clay 

4,600 

Base  of 

stone 

"lauv 

lime- 

- 

- 

(B-27-19)12ab 

Red  Willow 

4,300 

Gneiss 

- 

- 

(B-27-21) 

Vock 

4,650 

Basalt 

- 

109 

(B-30-18)  led 

Burro 

1,400 

Granite 

1975 

1 

(B-31-16)20add 

- 

1,920 

Muddy  Cr 

26K. 

formation 

1975 

1 

20add 

- 

1,920 

Muddy  Creek 

formation 

1973 

20 

29ac 

- 

2,140 

Muddy  Cr 

?ek 

formation 

1974 

60 

Remarks 


Good  water 


Good  water 
Small  seep 
Good  water 


Source : 


Data  from  Gillespie  and  other  (1966),  Gillespie  and  Bentley  (1971),  U.S.  Geological  Survey  (undated), 
and  other  agencies. 


1.  U.S.  Geological  Survey  well-numbering  system 

2.  Elevation  read  from  1:250,000  scale  Army  Map  Service  topographic  sheets. 
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TABLE  D-2 
REPORTED  WELLS  IN  THE  ES  AREA 


Elevation 

Drilling13 

Depth 

Waterd 

Date 

of  Land 

Date 

to 

Reported 

Quality 

Location3 

Drilled 

Surface 

Depth 

Method 

Observed 

Water 

Discharge 

Logc 

Sample 

(B-17-17)31bcb 

1962 

1,694 

460 

ct 

65-4-27 

268 

25 

- 

yes 

(B-17-18)12acb 

1961 

1,860 

450 

ct 

1961 

360 

65 

- 

yes 

12acc 

1956 

1,830 

500 

ct 

1956 

362 

20 

- 

yes 

12bca 

1903 

1,804 

1,004 

ct 

65-3-12 

309 

350 

- 

- 

12bcb 

1924 

1,804 

787 

ct 

1924 

300 

130 

- 

- 

12bcd 

1899 

1,804 

534 

ct 

1899 

300 

55 

- 

- 

12bda 

1961 

1,840 

400 

ct 

1961 

340 

60 

- 

_ 

12dcc 

1960 

1,820 

500 

ct 

1960 

362 

20 

- 

- 

(B-18-17)llcbc 

- 

2,800 

110 

- 

1964 

dry 

dry 

- 

- 

34bbb 

- 

2,650 

165 

- 

64-10 

105 

- 

- 

- 

(B-18-18)  ldcd 

- 

2,181 

700 

ct 

64-11 

540 

250 

- 

- 

(B-19-16)  7ddb 

- 

3,400 

- 

- 

65-1 

dry 

dry 

- 

- 

8acd 

- 

3,500 

80 

- 

- 

- 

3 

- 

- 

23cab 

- 

4,350 

90 

- 

- 

- 

1 

_ 

25dbc 

- 

4,900 

100 

- 

- 

- 

5-10 

- 

- 

27aba 

- 

4,700 

60 

- 

- 

- 

4-5 

- 

_ 

33bbdl 

- 

4,600 

30 

- 

- 

- 

5 

_ 

_ 

33bbd2 

- 

4,800 

100 

- 

- 

- 

1.5 

- 

_ 

34cad 

- 

4,800 

90 

- 

- 

- 

1 

- 

- 

(B-19-17)  6acb 

1903 

2,600 

684 

ct 

1901 

400 

_ 

_ 

_ 

16ada 

- 

2,700 

90 

- 

- 

- 

1 

- 

- 

(B-19-19)  7dab 

1961 

3,200 

35 

_ 

1961 

20 

_ 

_ 

_ 

8cbc 

- 

3,100 

8 

dg 

1964 

3 

- 

- 

- 

8cbdl 

- 

3,050 

14 

dg 

1964 

4 

- 

- 

- 

8cbd2 

- 

3,050 

14 

dg 

1964 

4 

- 

- 

- 

17baa 

1965 

2,800 

304 

ct 

65-4-21 

28 

- 

- 

yes 

17bda 

- 

2,750 

28 

dg 

65-3-4 

4.0 

60 

- 

- 

17caa 

- 

2,800 

30 

dg 

1964 

18 

60 

- 

- 

18aad 

- 

2,950 

80 

dg 

1964 

18 

15 

- 

- 

21bda 

- 

2,700 

- 

- 

- 

- 

- 

- 

(B-20-16)  6dab 

- 

3,600 

150 

_ 

1952 

96 

2 

_ 

_ 

lOaac 

1963 

4,500 

90 

- 

1963 

60 

50 

- 

- 

(B-20-17)16b 

- 

3,200 

- 

dg 

53-2-13 

17 

_ 

_ 

_ 

16ddd 

- 

3,100 

40 

dg 

1964 

dry 

dry 

- 

- 

(B-20-18)  4bbb  - 

1963 

2,521 

1,350 

ct 

64-10-13 

734 

670 

dr 

yes 

22aaa 

- 

2,500 

800 

ct 

65-5-4 

738 

- 

- 

- 

(B-20-19)16bca 

- 

2,750 

300 

ct 

1964 

150 

3-5 

- 

- 

(B-21-16)29bbd 

1954 

3,600 

500 

ct 

1964 

290 

25 

- 

- 

(B-21-17)  labc 

1963 

3,500 

503 

ct 

- 

115 

300 

_ 

yes 

2ccc 

- 

- 

60-70 

ct 

- 

- 

- 

- 

- 

3dc 

- 

3,723 

385 

ro 

- 

103 

- 

- 

- 

3dc 

- 

3,925 

175 

ct 

- 

82 

- 

- 

- 

3dc 

- 

3,923 

186 

ct 

- 

101 

183 

- 

yes 

3dc 

1944 

3,907 

129 

ct 

- 

- 

- 

_ 

_ 

3ddb 

1943 

3,834 

325 

ct 

- 

31 

- 

- 

- 

14ba 

- 

- 

- 

dg 

- 

2 

- 

_ 

_ 

14ba 

1942 

- 

300 

ct 

- 

dry 

- 

- 

- 

15bbd 

- 

- 

250 

ct 

- 

- 

300 

- 

- 

19bab 

- 

3,200 

600 

ct 

- 

105 

0.5 

- 

_ 

23aac 

1957 

3,387 

250 

ct 

- 

180 

10 

- 

- 

23abc 

- 

3,389 

260 

ct 

- 

190 

18 

- 

- 

23abc 

- 

3,386 

360 

ct 

- 

225 

10 

_ 

_ 

23abd 

- 

- 

175 

ct 

- 

dry 

- 

- 

- 

23abd 

1938 

3,379 

181 

ct 

- 

161 

12 

- 

- 

23bcd 

1956 

3,391 

355 

ct 

- 

120 

45 

- 

- 

24caa 

- 

- 

- 

ct 

- 

- 

- 

- 

- 

24cbb 

- 

3,330 

165 

ct 

- 

116 

- 

- 

- 

24cbc 

- 

3,330 

- 

ct 

- 

180 

- 

- 

yes 

24cbd 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24cca 

- 

3,328 

135 

ct 

- 

95 

- 

- 

- 

24ccb 

- 

3,338 

160 

ct 

- 

97 

- 

- 

- 

24cba 

- 

3,339 

178 

ct 

- 

120 

_ 

- 

- 

24cdb 

1912 

- 

232 

ct 

- 

- 

- 

- 

yes 

24caa 

- 

3,330 

- 

ct 

- 

119 

- 

- 

24cdd 

- 

3,332 

- 

ct 

- 

- 

150 

- 

yes 

24dca 

- 

3,397 

357 

ct 

- 

120 

50 

- 

- 

24dcd 

- 

3,350 

200 

ct 

- 

114 

- 

- 

_ 

24ddc 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25aaa 

1963 

3,385 

460 

ct 

_ 

180 

33 

_ 

- 

34bbb 

- 

3,000 

168 

ct 

- 

153 

5 

_ 

- 

34dab 

- 

3,080 

80 

ct 

- 

60 

- 

_ 

_ 

34dbb 

1949 

3,080 

80 

ct 

- 

65 

- 

_ 

- 

35bd 

1913 

3,150 

50 

dg 

- 

47 

- 

- 

- 

D-4 


TABLE  D-2  (.continued) 
REPORTED  WELLS  IN  THE  ES  AREA 


Elevation 

Drilling13 

Depth 

Water 

Date 

of  Land 

Date 

to 

Reported 

Quality 

Location 

Drilled 

Surface 

Depth 

Method 

Observed 

Water 

Discharge 

Log 

Sample 

(B-21-18)  9bba 

1962 

2,860 

1,518 

ct 

1963 

1,025 

130 

sn 

yes 

20caa 

1963 

2,663 

1,285 

ct 

1964 

870 

820 

dr 

yes 

30abb 

1963 

2,636 

1,385 

ct 

1967 

844 

1,025 

« 

yes 

32bbc 

1963 

2,578 

1,355 

ct 

- 

791 

800 

_ 

yes 

32dcc 

1960 

2,534 

1,255 

c: 

- 

747 

725 

- 

- 

(B-21-19)  7bdb 

1943 

3,250 

70 

- 

_ 

36 

10 

_ 

_ 

8bbc 

1964 

3,100 

195 

ct 

- 

103 

4.5 

- 

- 

(B-21-20)llbcd 

- 

3,600 

IS 

da 

_ 

14 

15 

_ 

_ 

26dbd 

- 

3,700 

35 

dg 

- 

20 

60 

- 

- 

(B-22-13)  9abc 

1944 

3,890 

774 

TO 

- 

550 

10 

_ 

_ 

34ad 

- 

3,833 

570 

Ct 

60-11-17 

540 

8-10 

- 

- 

(B-22-14)10dcd 

- 

4,800 

162 

- 

_ 

12S 

17 

_ 

_ 

30abd 

- 

4,000 

30 

da 

- 

- 

- 

_ 

- 

30cba 

- 

4,000 

180 

ct 

- 

110 

15 

- 

- 

(B-22-15)12dbd 

- 

4,050 

_ 

- 

_ 

_ 

1.5 

_ 

_ 

24adc 

1950 

4,000 

3S 

- 

- 

. 

drv 

_ 

_ 

24dab 

- 

4,000 

186 

ct 

_ 

- 

2.5-3.0 

_ 

_ 

33dad 

1965 

3,687 

1,220 

ct 

1965 

911.1 

_ 

dr 

ves 

35bdb 

- 

3,450 

450 

ct 

- 

- 

dry 

- 

- 

(B-22-16)  3cbb 

1973 

3,325 

970 

- 

1973 

5^0 

_ 

dr 

_ 

28dbb 

- 

3,306 

1,000 

ct 

- 

513 

500 

- 

ves 

33cdc 

- 

- 

1,008 

- 

- 

612 

1,250 

dr 

- 

(B-22-17)  4cba 

- 

4,800 

- 

da 

_ 

_ 

20 

_ 

_ 

4cdc 

- 

4,900 

12 

dg 

- 

8 

_ 

- 

- 

9add 

- 

4,200 

289 

dg 

- 

15 

10 

_ 

- 

9add 

- 

4,200 

20 

dg 

- 

16 

30 

- 

- 

9bdc 

- 

4,700 

eO 

dg 

- 

JO 

20-30 

- 

- 

lOabc 

- 

4,150 

- 

da 

- 

- 

5-10 

- 

- 

15dab 

- 

3,900 

50 

- 

_ 

5-10 

_ 

_ 

22aad 

- 

4,150 

- 

- 

- 

- 

1-2 

_ 

- 

31abb 

- 

3,584 

30 

dg 

- 

27 

1-2 

_ 

_ 

31abb 

- 

3,584 

70 

Ct 

- 

47 

2 

_ 

- 

33ac 

- 

4,327 

45 

dg 

_ 

39 

_ 

_ 

- 

33ada 

- 

4,500 

50 

- 

dry 

d  rv 

- 

- 

33da 

- 

4,303 

242 

dg 

- 

58 

400 

- 

- 

34acb 

- 

4,172 

:36 

ct 

- 

93 

400 

_ 

- 

34acb 

- 

4,180 

275 

- 

- 

100 

iO 

- 

- 

34ccd 

- 

4,077 

25 

da 

- 

20 

50 

- 

- 

34ddc 

- 

4,036 

229 

ct 

- 

9  8 

260 

- 

- 

(B-22-18)  2aaa 

- 

3,800 

_ 

da 

_ 

18 

_ 

_ 

_ 

Sdaa 

1968 

3,330 

2,510 

1968 

1,332 

_ 

dr 

- 

5dbc 

1969 

3,275 

2,437 

- 

1969 

1,220 

- 

dr 

- 

12bc 

- 

3,900 

- 

dg 

- 

10 

_ 

- 

- 

12caa 

- 

3,700 

120 

- 

- 

- 

- 

yes 

12dbb 

- 

3,900 

24 

dg 

- 

21 

- 

- 

- 

(B-22-19)  7acc 

- 

3,500 

60 

_ 

_ 

_ 

2-3 

_ 

_ 

7acc 

- 

3,500 

60 

- 

- 

_ 

4-5 

_ 

- 

30dbb 

- 

3,500 

30 

da 

- 

- 

2-3 

- 

- 

(B-23-13)10bda 

- 

3,770 

42 

dg 

- 

39 

170 

_ 

_ 

lOdbc 

- 

3,800 

- 

dg 

- 

36 

_ 

_ 

- 

llbbb 

- 

3,900 

74 

ct 

_ 

37 

200 

_ 

- 

19dbb 

1944 

3,584 

150 

ro 

- 

06 

_ 

- 

- 

19dcb 

1944 

3,628 

150 

ro 

1968 

104 

_ 

dr 

- 

19dda 

1962 

3,634 

1,030 

ct 

1965 

140 

204 

dr 

yes 

20ccd 

1944 

3,644 

355 

ct 

1969 

129 

5  35 

dr 

ves 

21cbd 

1950 

3,700 

75 

da 

1969 

53 

_ 

dr 

- 

22bab 

- 

3,730 

30 

dg 

- 

4.0 

_ 

- 

- 

22bbd 

1963 

- 

9* 

ct 

- 

40 

_ 

- 

_ 

27dbd 

- 

4,000 

150 

ct 

_ 

_ 

3-6 

_ 

- 

29aaa 

- 

3,662 

40 

ct 

- 

31 

5 

- 

ves 

29dbc 

1943 

3,709 

272 

ct 

- 

187 

_ 

- 

yes 

29dbc 

1943 

2,711 

593 

ct 

1969 

L91 

360 

dr 

yes 

32aca 

1944 

3,767 

472 

ct 

- 

247 

_ 

_ 

- 

32daa 

1943 

3,793 

724 

ro 

1969 

277 

_ 

dr/sm 

- 

35cbd 

- 

4,350 

125 

ct 

- 

30 

5 

- 

- 

(B-23-14)  3acd 

1943 

3,425 

630 

ro 

1969 

514 

_ 

dr 

ves 

3adc 

1943 

3,428 

515 

c: 

1969 

dry 

- 

dr 

- 

3bbb 

1944 

- 

738 

ro 

- 

_ 

_ 

_ 

- 

13cda 

- 

- 

1C3 

dg 

- 

65 

220 

- 

- 

13cda 

1922 

- 

3  7 

ct 

_ 

5b 

_ 

_ 

_ 

13cda 

1919 

- 

90 

ct 

- 

55 

50 

_ 

- 

14ddd 

- 

3,775 

BO 

dg 

_ 

74 

_ 

_ 

_ 

14ddd 

- 

3,775 

80 

dg 

_ 

53 

_ 

_ 

yes 

24aab 

1962 

3,536 

290 

ct 

- 

60 

_ 

_ 

_ 

24aab 

1965 

3,537 

222 

ct 

_ 

69 

_ 

_ 

- 

3  3d  ad 

- 

4,600 

107 

ct 

- 

40 

0.5 

- 

- 
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TABLE   D-2  (continued) 
REPORTED  WELLS  IN  THE  ES  AREA 


Elevation 

Drilling"3 

Depth 

Water 

Date 

of  Land 

Date 

to 

Reported 

Quality 

Location 

Drilled 

Surface 

Depth 

Method 

Observed 

Water 

Discharge 

Log 

Sample 

(B-23-15)  8dbb 

1964 

3,115 

600 

ct 

- 

368 

1,200 

. 

_ 

3ddd 

1964 

3,130 

ct 

1969 

_ 

1,000 

dr 

_ 

1917 

3,276 

1,040 

ro 

- 

489 

- 

- 

. 

4ddd 

1972 

3,175 

805 

- 

1973 

455 

160 

dr 

- 

30cbb 

1973 

- 

1,000 

- 

- 

620 

- 

- 

- 

(B-23-16)15bac 

- 

3,350 

800 

ct 

- 

- 

550 

- 

- 

(B-23-17)llcaa 

- 

4,150 

- 

- 

- 

5 

- 

. 

_ 

20bdd 

- 

4,750 

40 

dg 

- 

30 

- 

_ 

. 

24dba 

- 

3,750 

- 

- 

- 

5-10 

- 

- 

. 

28aaa 

- 

4,600 

- 

- 

- 

_ 

- 

_ 

_ 

33ddb 

- 

4,700 

25 

dg 

- 

3 

- 

- 

- 

(B-23-18)  3adb 

1961 

4,140 

145 

ct 

- 

115 

15 

_ 

yes 

3bc 

1959 

4,020 

210 

ct 

- 

- 

15 

_ 

3cbb 

1958 

3,990 

104 

ct 

- 

80 

15 

- 

yes 

4aac 

- 

4,000 

78 

dg 

- 

- 

15 

- 

_ 

5bdc 

- 

3,330 

30 

ct 

- 

- 

1 

. 

. 

9abd 

- 

3,825 

70 

ct 

- 

- 

5 

- 

_ 

9cba 

- 

3,770 

49 

ct 

- 

35 

5-10 

- 

. 

14aac 

- 

4,400 

33 

- 

- 

28 

- 

. 

- 

23bcd 

- 

3,800 

150 

ct 

- 

90 

5 

- 

. 

27ada 

- 

3,700 

350 

- 

- 

- 

30 

_ 

- 

32dad 

1968 

3,380 

2,132 

- 

1968 

1,225 

150 

dr 

- 

33cbc 

1957 

3,380 

810 

ct 

- 

drv 

dry 

- 

- 

3  6b  ad 

- 

3,850 

400 

- 

- 

40 

5 

- 

- 

(B-24-14)28dbc 

- 

3,353 

741 

ct 

1968 

526 

- 

dr 

_ 

29aaa 

1944 

3,318 

700 

ct 

1969 

607 

- 

dr 

- 

29acb 

1944 

3,331 

949 

ro 

1969 

625 

- 

dr 

- 

33ada 

1944 

3,375 

680 

ct 

- 

680 

- 

- 

- 

(B-24-13)llaaa 

- 

3,125 

550 

ct 

- 

dry 

- 

- 

. 

32aca 

1974 

- 

850 

- 

1974 

515 

- 

dr 

- 

33bbb 

1973 

- 

1,100 

- 

1973 

585 

- 

dr 

- 

(B-24-16)  ldbd 

- 

3,000 

451 

- 

- 

- 

800 

- 

yes 

(B-24-17)10cbd 

- 

3,550 

100 

ct 

- 

25 

1-2 

- 

- 

lOddb 

- 

3,550 

30 

dg 

- 

25 

3 

- 

- 

14cda 

- 

3,800 

40 

- 

- 

30 

1 

- 

- 

17ddd 

- 

4,200 

70 

ct 

- 

20 

5 

- 

- 

32dcc 

- 

4,650 

- 

- 

- 

- 

10 

dr 

- 

35dba 

- 

3,750 

400 

ct 

- 

260 

1.5 

- 

- 

(B-24-18)32cac 

- 

4,000 

- 

- 

- 

- 

- 

- 

- 

(B-25-16)30ca 

1961 

2,951 

600 

ct 

1967 

438 

610 

dr 

yes 

(B-26-14)30cbc 

- 

4,050 

100 

ct 

- 

- 

- 

- 

- 

(B-26-15)24cac 

- 

400 

- 

ct 

- 

- 

- 

- 

- 

(B-26-16)28ddc 

1958 

2,817 

2,135 

- 

- 

- 

- 

- 

- 

30ddd 

1958 

2,788 

2,603 

- 

1968 

- 

- 

- 

- 

(B-26-17)23ccc 

1957 

2,770 

719 

ct 

1969 

263 

2,200 

- 

- 

27aca 

- 

2,775 

613 

ct 

- 

- 

- 

- 

- 

35aaa 

1957 

2,770 

800 

ct 

1969 

266 

1,500 

- 

yes 

(B-26-18)24dab 

- 

3,600 

- 

- 

- 

- 

- 

- 

- 

(B-26-19)  2abb 

- 

4,100 

35 

- 

- 

33 

2-3 

- 

- 

(B-27-16)33baa 

- 

2,793 

500 

ct 

- 

357 

20 

- 

- 

(B-27-18)  7cdb 

- 

4,050 

65 

ct 

- 

35 

3 

- 

- 

7cdb 

- 

4,050 

65 

- 

- 

35 

3 

- 

- 

13abb 

- 

- 

- 

ct 

- 

- 

- 

- 

- 

(B-27-19)12acd 

- 

4,400 

45 

- 

- 

40 

3 

- 

- 

35bda 

- 

4,100 

100 

ct 

- 

65 

3 

- 

- 

(B-28-16)34bbd 

- 

4,200 

188 

ct 

- 

80 

10 

- 

- 

(B-28-17)31ccc 

1959 

3,004 

800 

ct 

- 

655 

10 

- 

yes 

(B-29-17)23acb 

1963 

- 

984 

- 

1963 

935 

- 

dr 

- 

(B-29-22)29dcc2 

1970 

- 

- 

- 

1970 

26 

- 

- 

yes 

(B-30-17)  lcda 

1973 

2,844 

892 

- 

1975 

420 

20 

- 

yes 

llaaa 

1966 

2,930 

600 

- 

1975 

445 

43 

- 

yes 

14aba 

1971 

3,061 

604 

- 

1975 

408 

31 

dr 

yes 

23caa 

1972 

3,233 

800 

- 

1975 

479 

90 

dr 

yes 

(B-30-20)  6bd 

72-03-01 

- 

- 

- 

1972 

- 

- 

- 

yes 

(B-30-22H3ada 

72-02-18 

- 

- 

- 

1972 

- 

- 

- 

yes 

<B-31-19)32ada 

67-06-21 

- 

- 

- 

- 

- 

- 

yes 

72-02-17 

- 

- 

- 

1972 

- 

- 

- 

- 

32daa 

75-11-12 

- 

- 

- 

■1975 

- 

- 

- 

yes 

33acc 

72-03-01 

r    . 

- 

- 

1972 

- 

- 

- 

yes 

(B-40-16)  4ad 


2,220 


SOUrC£:   Arizona^t^r^V""  OCherS,a966)-  Gillespie  and  Bentley  (197L).  U.S.  Geological  Survev  (undated). 
Arizona  State  Land  Department  (undated),  and  other  agency  sources. 


U.S.  Geological  Survey  well-numbering  svstem. 

dg  =■  dug 

ct  =  cable  tool 

ro  =  rotary 

dr  =  driller's  log 

sm  -  stratigraphic  sample  Log 

go  =  geophysical  log 

See  Table  1 1-6  for  water  quality  data  record. 


MOORE'S  METHOD  FOR  ESTIMATING  RUNOFF- 


Relations  of  runoff  to  altitude  may  be  defined  for  a  hydrologically 
homogeneous  region  by  using  a  limited  number  of  streamflow  records  and 
applied  to  an  ungaged  area  with  this  derived  equation.   Local  differences 
in  geology,  slope,  precipitation,  revegetation,  and  land  use  may  cause 
variations  between  actual  and  estimated  runoff  when  applied  to  small 
watersheds. 

Adjustment  for  the  effects  of  these  differences  may  be  by  streamflow 
measurement  at  miscellaneous  sites  which  is  applicable  to  perennial 
streams,  the  other  on  measurement  of  two-channel  parameters  which  is 
applicable  to  perennial  or  ephemeral  streams. 


*D.O.  Moore,  Estimating  Mean  Runoff  in  Ungaged  Semiarid  Areas, 

International  Association  Science  Hydrology  Bulletin, 
Vol.  8,  No.  1,  PP  29-39,  1968. 
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APPENDIX  E 
VASCULAR  PLANT  SPECIES 


VASCULAR  PLANT  SPECIES 

A.    VASCULAR  PLANT  SPECIES 

Vascular  plant  species  for  the  ES  area,  as  verified  by  herbarium 
specimens  (BLM,  Kingman  herbarium;  BLM,  Phoenix  (ASU) ;  Museum  of  Northern 
Arizona  herbarium;  Mohave  Community  College;  Phillips,  1975;  Phillips  and 
Phillips  (1972-1977;  UCLA  #12-990).   Nomenclature  follows  Kearney  and 
Peebles.  (1964),  except  for  those  families  and  species  with  cited 
references  (letters) .   Synonymy  for  some  species  has  been  placed  in  the 
parentheses  following  the  scientific  name. 


POLYPODIACEAE     Fern  Family 

Adiantum  capillus -veneris     Maidenhair  fern 
Cheilanthes  fendleri     Fendler  lipfern 
C.  parryi     Parry's  lipfern 
Notholaena  parryi     Parry  cloakfern 
(A)  Pellaea  truncata     Spiny  cliffbrake 
Cystopteris  fragilis 


CUPRESSACEAE     Cypress  Family 

Cupressus  arizonica     Rough-bark  Arizona  cypress 

Juniperus  californica 

J.  monosperma     One-seed  juniper 

J.  osteosperma     Utah  juniper 


EPHEDRACEAE     Joint-fir  Family 

Ephedra  fasciculata 
E.  nevadensis      Mormon  tea 
E.  torreyana     Mormon  tea 
E.  viridis      Mormon  tea 


PINACEAE     Pine  Family 

Pinus  monophylla      Singleleaf  pinyon 
P.  ponderosa     Ponderosa  pine 
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ACANTHACEAE      Acanthus  Family 

Anisacanthus  thurberi      Thurber  anisacantha 
Beloperone  californica     California  beloperone 


AMARANTHACEAE      Amaranth  Family 

Amaranthus  fimbriatus      Pigweed 

A.  graecizans 

A.  palmeri     Careless  weed,  redroot;  quelite,  bledo 

Tidestromia  lanuginosa     Woolly  tidestromia 

T.  oblongifolia 


AMARYLLIDACEAE    Amaryllis  Family 

(B) Agave  McKelveyana 

Agave  utahensis      Utah  agave 


ANACARDIACEAE      Cashew  Family 

Rhus  ovata     Sugar  sumac 

Rhus  trilobata      Skunkbush,  squaw-bush 

Rhus  trilobata  var.  simplici folia 


APOCYNACEAE     Dogbane  Family 

Amsonia  eastwoodiana 
A.  palmeri 
A.  tomentosa 


Apocynum  cannabinum      Indian  hemp,  dogbane 

ASCLEPIADACEAE     Milkweed  Family 

Asclepias  asperula     Antelope  horns 

A.  erosa     Desert  milkweed 
A-  nyctaginifolia 
A.  subulata 


Funastrum  cynanchoides  (Sarcostemma)      Common  clinging  milkweed 
F.  heterophyllum     Climbing  milkweed 
F.  hirtellum     Climbing  milkweed 
Gonolobus  productus      (Matelea) 
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BERBERIDACEAE     Barberry  Family 

Berberis  fremontii     Fremont  barberry 

B.  haematocarpa     Red  mahonia 

BIGNONIACEAE     Bignonia  Family 

Chilopsis  linearis      Desert  willow 

BORAGINACEAE     Borage  family 

Amsinkia  intermedia     Fiddleneck 

A.  tessalata 

Coldenia  canescens  (Tiquilia) 

C_.  hispidissima 

C.  plicata 

Crypt ant ha  anaustifol ia 

C_.  barbigera 

C.  circumscissa 

C.  crassisepala 

C.  gracilis 

C.  holoptera 

C_.  inaequata 

C.  jamesii      James  cryptantha 

C.  micrantha 

C.  nevadensis 


C.  pterocarya 

C.  racemosa 

C.  utahensis 

C.  virginensis 

Heliotropium  curassavicum     Wild  heliotrope 

Pectocarya  heterocarpa     Combseed 

P_.  platycarpa 

Plagiobothrys  arizonicus      Blood-weed 

P.  jonesii     Jones  plagiobothrys 


(C)  CACTACEAE     Cactus  Family 


Coryphantha  vivipera 

Echinocactus  polycephalus      Woolly" headed  barrel  cactus 

Echinocereus  engelmannii      Engelmann  hedgehog 

E-  triglochidiatus      Red  flowered  hedgehog,  claret-cup 

E.  triglochidiatus  var.  melanacanthus 
Ferocactus  acanthodes      California  barrel  cactus 

F.  wislizenii 


Mammillaria  microcarpa     Pincushion 
M.  tetrancistra     Pincushion 
Neolloydia  johnsonii 
Opuntia  acanthocarpa     Buckhorn  cholla 
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CACTACEAE      Cactus  Family  (continued) 

Opuntia  acanthorcarpa  var.  coloradensis 
0.  basilaris     Beavertail 
0.  basilaris  var.  treleasei 


(D.  bigelovii      Teddy__h>ear  cholla 

0.  chlorotica     Pancake  pear 

0.  clavata     Sand  cholla 

0.  echinocarpa      Silver  cholla 

0.  erinacea     Mohave  prickly  pear 

0.  leptocalis     Desert  Christmas  cactus 

0.   phaeacantha     Engelmann  prickly  pear 

0.  polycantha   Plains  prickly  pear 

0.  pulchella      Sand  cholla 

0.  ramosissima     Diamond  cholla 

0.  stanlyi      Devil  cholla 

0.  stanlyi  var.  parishii 

0.  violaceae     Purple  prickly  pear 

0.  whipplei      Whipple  cholla 

Pediocactus  simpsonii 


CAMPANULACEAE     Bellflower  Family 
Nemacladus  glanduliferus 

CAPPARIDACEAE      Caper  Family 

Wislizenia  ref racta     Jackass  clover 

CAPRIFOLIACEAE      Honeysuckle  Family 

Sambucus  glauca     Blueberry  elder 
S_.  mexicana      Tapiro;  Mexican  elder 
Symphoricarpos  longif lorus      Snowberry 
S_.  parishii      Snowberry 

CARYOPHYLACEAE      Pink  Family 

Achyronychia  cooperi 

Arenaria  fendleri     Fendler  sandwort 

A.  macradenia      Sandwort 

Silene  antirrhina     Sleepy  catchfly 

CELASTRACEAE      Bittersweet  Family 

Canotia  holacantha      Mohave  thorn 

Glossope talon  nevadense     (Forsellesia)     Greasebush 

Mortonia  scabrella  var.  utahensis      Sand-paper  bush 
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CHENOPODIACEAE     Goose-foot  Family 

Allenrolf ea  occidentalis     Pickleweed;  iodine-bush 

Atriplex  canescens     Four -wing  saltbush 

A.  conf ertif olia     Shadscale 

A.  hymenelytra     Desert-holly 

A.  linearis 

A.  polycarpa     Cattle  saltbush 

Chenopodium  album     Lambs-quarters 

C_.  f  remontii 

C_.  murale     Nettle-leaf  goose-foot 

Eurotia  lanata     Winterfat 

Grayia  spinosa     Spiny  hopsage 

Salsola  kali  var.  tenuifolia     Russian  thistle 


COMPOSITAE     Sunflower  Family 

Acamptopappus  sphaerocephalus     Rayless  goldenhead 
(D)  Ambrosia  acanthicarpa  (Franseria)     Annual  bursage 

A.       artemisiif olia     Ragweed 
(D)  A.  conf ertif lora    (Franseria) 
(D)  A.  dumosa   (Franseria)     White  bursage 
(D)  A.  eriocentra   (Franseria) 

A.  psilostachya 

Amphipappus  fremontii     Chaff-bush 

Antennaria  marginata     Pussytoes 

Artemisia  bigelovii     Bigelow  sagewort 

A.  carruthii     Carruth  sagewort 

A.  dracunculoides     Tarragon  sagewort 

A.  ludoviciana      Louisiana   sagewort;  sagebush 

A.  pacif ica 

A.  tridentata     Big  sagebrush 

Aster  abatus  (Machaeiranthera  tortifolia)      Mohave  aster 

A.  adenolepis 

A.  arenosus      (Leuceline  ericoides) 

A.  bigelovii 

A.  hirtif olius       (Leuceline  ericoides) 

A.  spinosus     Mexican  devilweed 

A.  tanacetif olius       (Machaeiranthera) 

A.  tephrodes      (Machaeiranthera  ) 

Atrichoseris  platyphylla 

Baccharis  brachyphylla     Shortleaf  baccharis 

B_.  emoryi 

B_.  glutinosa     Seep-willow 

B_.  pteronioides     Yerba  de  pasmo  baccharis 

B_.  sarothroides     Broom  baccharis 

B_.  sergiloides 

B_.  viminea 

Baileya  multiradiata     Desert  baileya;  desert  marigold 

B_.  pleniradiata 

Bebbia  juncea      Chuckwalla's  delight 

Brickellia  atractyloides      Spiny  brickelbush 

B_.  californica     Pachaba 

B_.  desertorum     Desert  brickellia 

B_.  incana     White  brickelbush 
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COMPOSITAE    Sunflower  Family  (continued) 

Brickellia  longifolia 

B_.  oblongifolia  var.  linifolia     Mohave  brickelbush 

Calycoseris  parryi 

C_.  wrightii 

Chaenactis  carphoclinia     Dusty  maiden 

C.  douglasii 

C^.  f  remonti 

C.  stevioides 


Chrysothamnus  depressus     Dwarf  rabbit-brush 

£.•  nauseosus     Rubber  rabbitbrush 

C_.  nauseosus  var.  latisquameus 

C_.  paniculatus 

C_.  teritifolius 

C_.  viscidif lorus     Douglas  rabbitbrush 

Cirsium  arizonicum     Thistle 

C_.  neomexicanum 

C_.  ochrocentrum 

C_.  pulchellum 

Dyssodia  acerosa 

D.  cooperi    Dogweed 

p_.  pentachaeta 

D_.  porophylloides     Dogweed 

D.  thurberi 

Encelia  farinosa     Brittlebush 
E_.  farinosa  var.  phenicodonta 
E_.  frutescens     Bush  encelia 
E_.  frutescens  var .  resinosa 
E_.  frutescens  var .  virginensis 
Enceliopsis  argophylla 
Erigeron  concinnus     Hairy  fleabane 
E_.  divergens 
(D)  E.  foliosus 

E.  lobatus 


E_.  oxyphyllus 

Eriophyllum  lanosum     Woolly  daisy 

E_.  wallacei 

Filago  californica 

Geraea  canescens 

Gnaphalium  chilense      Cottonbat ting  cudweed 

G_.  palustre     Everlasting 

G_.  wrightii      Everlasting 

Gutierrezia  lucida      Snakeweed 

G_.  microcephala      Threadleaf  snakeweed 

G_.  sarothrae      (Xanthocephalum)  Broom  snakeweed 
(D)  Haplopappus  acradenius   (Isocoma)      Paleleaf  goldenbush 
(D)  Haplopappus  cuneatus   (Ericameria) 
(D)  H.  gracilis 
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COMPOSITAE     Sunflower  Family    (continued) 

(D) Haplopappus  laricifolius   (Ericameria)    Turpentine  bush,  larch  leaf 

goldenweed 
(D)H.  linearifolius     Narrowleaf  goldenweed 
(D)H.  spinulosus  var.  gooddingii      Spiny  goldenbush 

Helianthus  annuus      Sunflower 

Hofmeisteria  pluriseta     Arrow-leaf 

Hymenoclea  pentalepis      Burrobrush 

H_.  salsola     White  burrobrush 

Hymenopappus  lugens      Hymenopappus 

Hymenoxys  richardsoni 

Layia  glandulosa 

Malacothrix  coulteri 

M.  glabrata      Desert  dandelion 

M.  sonchoides 

Melampodium  leucanthum     Plains  blackfoot 

Microseris  linearifolia 

Monoptilon  bellioides 

Nicolletia  occidentalis 

Oxytenia  acerosa     Prickly  copperweed 
P.  linearis"     Spanish  needles 

Parthenium  incanum     Marioli  parthenium;  mariola 

Pectis  papposa     Fetid  marigold 

Perezia  wrightii   (Acourtia)      Pink  perezia 

Perityle  emoryi      Perityle 

Peucephyllum  schottii  (Xanthocephalum)     picmv  cedar 

Pluchea  sericea  (Tessaria)      Arrowweed 

P_.  purpurascens 

Porophyllum  gracile      Slender  poreleaf 

Psathyrotes  ramosissima 

Psilostrophe  cooperi      Whitestem  paperflower 

P_.  sparsif lora 

Rafinesquia  neomexicana      Desert  chicory 

Senecio  douglasii  var.  douglasii      Douglas  groundsel 

S_.  longilobus      Thread-leaf  groundsel 

S_.  monoensis 

S_.  multilobatus  | 

S_.  multicapitatus 

S_.  spartioides      Broom  groundsel 

Solidago  wrightii      Goldenrod 

Sonchus  asper     Sow-thistle 

Stephanomeria  exigua     Wire-lettuce;  stick-weed 

S_.  paucif lora     Wire-lettuce;  stick-weed 

Syntrichopappus  fremontii 
(D)  Tetradymia  angryraea      Horsebrush 

T.  axillaris      Horsebrush 
(D)  T.  stenolepsis      Mohave  horsebrush 

Trixis  californica     Trixis 

Trochoptilium  incisum 

V.  deltoidea  var.  parishii      Goldeneye;  desert  sunflower 

V.  multif lora     Showy  goldeneye 
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CONVOLVULACEAE     Convolvulus  Family 

Convolvulus  incanus      Bindweed 
Cuscuta  indecora     Dodder 

CORNACEAE     Dogwood  Family 

Garrya  f lavescens     Silktassel 
G.  wrightii     Wright  silktassel 

CROSSOSOMATACEAE     Crossosoma  Family 

Crossosoma  bigelovii     Crossosoma 
Crossosoma  parvif lorum 

CRUCIFERAE     Mustard  Family 

Arabis  fendleri      Rockcress 

A.  perennans     Rockcress 

Brassica  sp. 

Descurainia  pinnata     Tansy-mustard 

Dithyrea  californica      Spectacle-pod 

D.  wislizeni 

Draba  cunei folia 

p_.  cuneifolia  var.  integrifolia     Draba 

Erysimum  capitatum     Western  wallflower 

E_.  repandum 

Lepidium  f remontii      Desert  pepperweed 

L.  lasiocarpum     Peppergrass 

L.  medium 

L.  montanum     Pepperweed 

L .  montanum  var .  glabrum 

Lesquerella  cinerea 

L.  gordoni     Gordons  bladderpod 

Rorippa  nasturtium-aquaticum     Water-cress 

Sisymbrium  ambiguum 

S_.  irio 

Stanleya  pinnata     Desert  princeplume 

Streptanthus  cordatus      Twist-flower 

Thelypodium  cooperi     Thelypody 

T.  in tegri folium     Thelypody 

T.  lasiophyllum     Thelypody 

T.  wrightii 

Thysanocarpus  amplectens     Lace-pod 

CUCURBITACEAE      Gourd  Family 

Cucurbita  digitata 

C.  palmata     Coyote-melon 

Marah  gilensis     Big-root;  wild  cucumber 
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CYPERACEAE      Sedge  Family 

Cladium  californicum     Saw-grass 
Cyperus  erythrorhizos     Flat-sedge 
C_.  odoratus 
Scirpus  acutus      Bulrush;  tule 


ERICACEAE      Heather  Family 

Arctostaphylos  pringlei     Pringel  manzanita 
A.  pungens     Pointleaf  manzanita 


EUPHORBIACEAE      Spruge  Family 

Bernardia  incana     Bernardia 
Pi taxis  lanceolata 
D_.  neomexicana   (Argythamnia) 
Euphorbia  albomarginata 
E_.  eriantha     Desert  poinsetta 
E.  incisa      Spurge 
E.  lurida 

E.  melanadenia      Spurge 
E.  palmeri 
E.  parryi 
E.  polycarpa 

E.  polycarpa  var.  hirtella      Spurge 
Stillingia  linearifolia     Queensdelight 
(D)  Tragia  ramosa     Noseburn 

FAGACEAE      Beech  Family 

(D)  Quercus  chrysolepis     Canyon  oak 

(D)  Q.  chrysolepis  var.  palmeri 
£.  gambelii      Gamble  oak 
Q.  turbinella      Shrub  liveoak 
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FOUQUIERIACEAE      Ocotillo  Family 

Fouquieria  splendens      Ocotillo 

GENTIANACEAE      Gentian  Family 

Eustoma  exaltatum     Catchf ly  gentian 
Swertia  albomarginata     Desert  swertia 

GERANIACEAE     Geranium  Family 

Erodium  cicutarium     Filaree;  alfilaria 
E_.  tjexanum     Heron-bill 

GRAMINAE     Grass  Family 

Agropyron  desertorum     Desert  wheatgrass 

A.  smithii 

Andropogon  barbinodis  (Bothriochloa)      Cane  beardgrass 

A.  glomeratus     Bushy  beardgrass 

Aristida  fendleriana     Fendler  threeawn 

A.  glauca     Reverchon  threeawn 

A.  adscensionis     Six-weeks  threeawn 

A*  orcuttiana     Beggertick  threeawn 

A.  parishii 

A.  purpurea 

A.  ternipes 

Bouteloua  aristidoides     Needle  grama 

B_.  barbata     Six  weeks  grama 

B_.  curtipendula     Sideoats  grama 

B_.  eriopoda     Black  grama 

B_.  gracilis      Blue  grama 

B_.  trif ida     Red  grama 

Bromus  arizonicus     Arizona  brome 

B_.  madritensis 

B_.  rub  ens     Red  brome;  foxtail  brome 

Cenchrus  paucif lorus     Sand-bur 

Chloris  virigata      Showy  chloris 

Cynodon  dactylon     Bermuda  grass 

Echinochloa  crusgalli      Barnyard  grass 

Eleusina  indica     Goosegrass 

Enneapogon  desvauxii      Spike  pappusgrass 

Eragrostis  chloromelas     Boer  lovegrass 

E_.  cilianensis     Stink  grass 

E_.  intermedia     Plains  lovegrass 

E_.  mexicana     Lovegrass 

Festuca  octof lora     Six-weeks  fescue 

Heteropogon  contortus      Tanglehead 

Hilaria  mutica     Tobosa 

H.  rigida     Big  galleta 

Hordeum  leporinum 

Koeleria  cristata     Prairie  junegrass 

Leptochloa  dubia     Green  spangletop 

L. f ilif ormis      Red  spangletop 
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GRAMINAE     Grass  Family   (continued) 

Lycurus  phleoides      Common  wolf tail;  Texas  timothy 

Muhlenbergia  paucif lora 

Muhlenbergia  porteri     Bush  muhly 

Oryzopsis  hymenoides     Indian  ricegrass 

Panicum  arizonicum 

P.  capillare     Witchgrass  panic 

P.  hirticaule 

P_.  obtusum     Vine  mesquite  panic 

Phragmites  communis     Common  reed 

Poa  annua 

P_.  bigelovii     Bigelow  bluegrass 

P.  fendleriana     Mutton  bluegrass 

P_.  longiligula     Long  tongue  muttongrass 

Polypogon  monspeliensis     Rabbit-foot  grass 

Schismus  barbatus      Common  Mediterranean  grass 

Scleropogon  brevifolius     Burro  grass 

Setaria  farberii 

S_.  macrostachya     Plains  bristlegrass 

Sitanion  hystrix     Bottlebrush  squirreltail 

£.  jubatum      Big  squirrel-tail 

Sporobolus  airoides      Alkali  sacaton 

S_.  contractus      Spike  dropseed 

S_.  cryptandrus      Sand  dropseed 

S_.  f lexuosus     Mesa  dropseed 

Stipa  comata     Needle  and  thread  grass 

S_.  coronata  var.  depauperata     Crested  needlegrass 

S_.  neomexicana 

S_.  speciosa     Desert  needlegrass 

Trichachne  californica     Arizona  cottontop 

Tridens  elongatus      Rough  tridens 

T_.  muticus      Slim  tridens 

T.  pilosus      Hairy  tridens 

T.  pulchellus      Fluffgrass 


HYDROPHYLLACEAE      Water-leaf  Family 

Eriodictyon  angusti folium    Narrowleaf  yerba  santa 

Eucrypta  chrysanthemi folia 

E.  micrantha 

Nama  demissum 

N.  hispidum 

Phacelia  coerulea 

P_.  corrugata 

P.  crenulata 


P.  cryptantha 

P.  distans 

P_.  fremontii 

P_.  glechomae folia 

P_.  laxif lora 

P.  rotundifolia 
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HYDROPHYLLACEAE     Water-leaf  Family    (continued) 

Phacelia  vallis-mortae 

Pholi stoma  auritum     Fiesta  flower 

Tricardia  watsoni 


JUNCACEAE     Rush  Family 

Juncus  balticus     Wire  rush 

KOEBERLINIACEAE      Junco  Family 

Koeberlinia  spinosa     Crown-of-  thorns  ;  crucifixion-thorn 

LAB I AT AE     Mint  Family 

Hedeoma  dif fusum 

H_.  drummondii 

H.  nanum     Dwarf  mock-pennyroyal 

Hyptis  emoryi     Emory i  bushmint 

Marrubium  vulgare     Common  horehound 

Salazaria  mexicana     Mexican  bladdersage 

Salvia  carduacea: 

S_.  carnosa     Purple  sage 

S_.  carnosa  ssp.  pilosa 

S.  columbariae 


(D)  S_.  dorrii     Sage 

S.  mohavensis     Mohave  sage 


LEGUMINOSAE     Pea  Family 

Acacia  constricta     Whitethorn 

A.  greggii     Catclaw 

Alhagi  camelorum     Camel-thorn 

Astragalus  amphioxys 

A.  calycosus     Torrey  milkvetch 

A.  layneae     Layne  milkvetch 

A.  lentiginoses     Freckled  milkvetch 
(E)  A.  "lentiginosus  var.  ambiguus      Specklepod  loco 
(E-)  A.  lentiginosus  var.  mokiacensis      Specklepod  loco 

A.  lentiginosus  var.  yuccanus 

A.  newberryi 

A.  nuttalianus     Milkvetch 

A.  tephrodes  var.  brachylobus 

A.  wootoni 

Caesalpinia  gilliesii      Bird-of-paradise  flower 

Calliandra  eriophylla     False  mesquite  calliandra;  fairy-duster 

Cassia  armata     Desert  senna 

C.  bauhiniodes 


C.  covesii      Hairy  senna 
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LEGUMINOSAE     Pea  Family    (continued) 

Cercidium  f loridum     Blue  paloverde 

C_.  microphyllum     Little-  leaf  paloverde 

Dalea  amoena 

D.  fremontii      Indigobush;  Fremont  dalea 

D.  mollis     Dalea 

D.  neomexicana 

D.  parryi 

D.  spinosa     Spiny  datea;  smoke-tree 

D.  terminalis 

Hof fmanseggia  densiflora      Indian  rushpea;  hog-potato 

E.  drepanocarpa     Drepanocarpa 
Krameria  grayi     White  ratany 
K.  parvi folia      Range  ratany 
K.  parvifolia  var.  glandulosa 

K.  parvifolia  var.  imparata 

Lathyrus  eucosmus     Pea-vine 

Lotus  humistratus 

L.  rigidus      Deervetch;  desert  rockpea 

L.  salsuginosus 

L.  tomentellus 


Lupinus  concinnus 

L.  hillii 

L.  sparsif lorus 

Melilotus  indicus      Sour-clover 

Oxytropis  lambertii 

Petalostemum  searlsiae      Searls  prairie  clover 
(D)  Prosopis  glandulosa 

P.  juliflora     mesquite 

P.  juliflora  var.  torreyana     Mesquite 

P_.  pubescens      Screwbean 

Psoralea  tenuiflora     Scurf-pea 

Robinia  neomexicana     New  Mexico  locust 

Sophora  arizonica     Arizona  sophora 
(F)  S_.  nuttalliana 

Vicia  exigua     Vetch 


LILIACEAE      Lily  Family 

Allium  nevadense 

Calochortus  flexulosus      Weakstem  mariposa 
C.  kennedyi      Desert  mariposalily 
Dichelostemma  pulchellum     Bluedick 
Hesperocallis  undulata     Desert-lily 
Nolina  bigelovii 
N.  microcarpa     Beargrass 

Yucca  baccata     Blue  yucca;  banana  yucca 
Y_.  brevifolia     Joshua  tree 
Y_.  schidigera     Mohave  yucca 
(D)  Y.  whipplei     Our  Lord's  candle 
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LINANCEAE      Flax  Family 

Linum  lewisii      Blue  flax 

LOASACEAE      Loasa  Family 

Eucnide  urens      Rock-nettle 

Mentzelia  affinis 

Mentzelia  albicaulis     Whitestem  stickleaf 

M.  nitens 

M.  nitens  var.  jonesii     Stick-leaf 

M.  puberula 

M.  pumila 

M.  tricuspis 

Petalonyx  nitidus     Smooth  sandpaper  plant 

P.  thurberi     Thurber  sandpaper  plant 

LORANTHACEAE      Mistletoe  Family 

Phoradendron  californicum     California  mistletoe 

P_.  coryae 

P.  juniperinum     Juniper  misteltoe 

MALPIGHIACEAE     Malpighia  Family 
Janusia  gracilis 

MALVACEAE      Mallow  Family 

Abutilon  incanum     Abutilon 

Abutilon  parvulum     Indian  mallow 

Malva  neglecta     Mallow; cheeseweed 

M.  parvi flora 

Malvastrum  rotundi folium 

Sida  lepidota  var.  sagittae folia 

Sidalcea  neomexicana     Checker-mallow 

Sphaeralcea  ambigua     Desert  mallow 

S_.  grossulariae folia     Gooseberry  globemallow 

S_.  laxa 

S_.  parvifolia 

MARTYNIACEAE     Unicorn-Plant  Family 

Proboscidea  altheaefolia     Devilsclaws;  unicorn-plant 
P.  oarvi flora 
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NYCTAGINACEAE     Four-o ' clock  Family 

Abronia  villosa      Sand-verbena 

Allionia  incarnata     Trailing  four-o'clock 

Boerhaavia  coulteri     Spiderling 

B_.  wrightii 

Mirabilis  bigelovii     Bigelow  four-o'clock;  Wishbone  bush 

M.  laevis 

M.  multiflora     Colorado  four-o'clock 

Oxybaphus  comatus      (Mirabilis) 

0.  linearis   (Mirabilis)      Narrowleaf  umbrellawort 


OLEACEAE      Olive  Family 

Forestiera  neomexicana     New  Mexico  forestiera 

Fraxinus  anomala     Singleleaf  ash 

F_.  cuspidata  var.  macropetala     Flowering  ash 

F.  pennsylvanica  ssp.  velutina     Velvet  ash 

Menodora  scabra     Rough  menodora 

M.  scoparia     Twinberry 

M.  spinescens     Spiny  menodora 


ONAGRACEAE     Evening-primrose  Family 

(Oenothera) 
(G)  Camissonia  brevipes   /   Golden  evening-primrose;  camissonia 
(G)  £.  cardiophylla   (Oenothera) 
(G)  C_.  clavaeformis   (Oenothera) 
(G)  C_.  clavaeformis  var.  aurantiaca 
(G)  C_.  decorticans    (Oenothera) 
(G)  C_.  micrantha     (Oenothera) 

(G)  C_.  multij  uga    (Oenothera)      Evening-primrose 
(G)  C_.  pallida      (Oenothera) 

Epilobium  adenocaulon     Willow-weed 

Gaura  coccinea     Scarlet  gaura 

G_.  gracilis 

Oenothera  albicaulis 

0_.  caespitosa     Tufted  evening  primrose 

_0.  cavernae      Evening-primrose 

0_.  deltoides 

0_.  flava     Yellow  evening-primrose 

0^.  primiveris 

0^.  ref racta      Evening  primrose 

0.  runcinata 


ORCHIDACEAE     Orchid  Family 

Epipactis  gigantea     Helleborine 
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OROBANCHACEAE      Broom-rape  Family 

Orobanche  ludoviciana     Broom-rape 

PAPAVERACEAE      Poppy  Family 

Arctomecon  californicum     Desert-poppy 
v**/  Argemone  munita 

A.  platyceras     Prickle -poppy 

Corydalis  aurea 

Eschscholtzia  glyptosperma     Desert  gold-poppy 

E_.  mexicana 

E.  minutiflora     Little  goldpoppy 

Platystemon  californicus     Cream-cups 


PLANTAGINACEAE     Plantain  Family 

Plantago  insularis      Inland  plantain-  desert  Indian  wheat 
P.  purshii 


POLEMONIACEAE      Phlox  Family 

Eriastrum  dif fusum 

E_.  eremicum     Eriastrum 

Gilia  filiformis 


G_.  f  lavocincta 
G.  gunnisoni 
G.  latifolia 
G.  longi flora 
(D)  G.  ophthalmoides 
G.  scopulorum 
G.  sinuata 
Langloisia  schottii 
L.  setosissima     Langoisia 
Li nan thus  aureus      Linanthus 
L.  bigelovii 

L.  demissus      Desert  linanthus 
Navarretia  propingua 
Phlox  austromontana 
P.  stansburyi 
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POLYGONACEAE     Buckwheat  Family 

Chorizanthe  brevicornu 

C.  rigida 

C.    thurberi 

Eriogonum  cernuum     Nodding  eriogonum 

E_.  corymbosum     Corymbed  wild  buckwheat 

E.  def lexum     Skeleton-weed 

E_.  densiflora 

E_.  densum 

E.  fasciculatum  var.  polifolium     Flattop  buckwheat;  California 
buckwheat 
(D)  E_.  heermannii     Mohave  wild  buckwheat 

E_.  inf latum     Desert-trumpet 

E.  jamesii     James  buckwheat;  antelope-sage 

E.  jonesii 

E.  leptocladon 

E_o  maculatum 
(D)  E.  micro thecum     Slenderbush  wild  buckwheat 
(D)  E.  microthecum  var.  foliosum 

E_.  plumatella 

E.  polycladon      Sorrel  eriogonum 

E_.  pusillum 

E.  racemosum     Redroot  wildbuckwheat 

E.  reni forme 

E.  rotundi folium 

E.  simosoni 


E.  subreniforme 
E.  thomasii 


E.  trichopes 

E.  umbellatum 

E_.  wrightii      Shrubby  buckwheat 

Polygonum  argyrocoleon      Smartweed 

P_.  aviculare 

P.  lapathi folium 

Pterostegia  drymarioides      Pterostegia 

Rumex  crispus      Curly-leaf  dock 

R.  hymenosepalus     Canaigre;  wild  rhubarb 


PORTULACEAE     Portulaca  Family 

Portulaca  oleracea      Common  purslane 
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RANUNCULACEAE 


Crowfoot  Family 


Anemone  tuberosa     Anemone 
Aquilegia  chrysantha     Golden  columbine 
Clematis  ligusticifolia     Western  virginsbower 
Delphinium  amabile    Lovely  larkspur 
Thalictrum  fendleri     Meadowrue 


RESEDACEAE     Mignonette  Family 
Oligomeris  linifolia 


RHAMNACEAE 


Buck-thorn  Family 


Ceanothus  fendleri 


Buckbrush 


C.  greggii     Desert  buckbrush 
C_.  greggii  var.  perplexans 
C.  vestitus     Mohave  buckbrush 
Condalia  lycioides     Graythorn 
C_.  lycioides  var.  canescens 
Rhamnus  californica  ssp.  ursina 


California  buckthorn 


R. 


crocea 


Hollyleaf  buckthorn 


ROSACEAE      Rose  Family 


Amelanchier  bakeri 


Serviceberry 


A.  utahensis     Utah  serviceberry 

Cercocarpus  betuloides     Birch  leaf  mountain  mahogany 

C_.  intricatus      Little  leaf  mountain  mahogany 

C.  montanus      True  mountain  mahogany;  alder-leaf  mountain  maho 

Coleogyne  ramosissima     Black-brush 

Cowania  mexicana     Cliff-rose 

Fallugia  paradoxa     Apache-plume 

Petrophytum  caespitosum     Rock-mat 

Prunus  fasciculata     Desert-almond 

P_.  virens  (P.  serotina  ssp.  virens) 

Purshia  tridentata     Bitterbrush 

Rosa  arizonica 


Blackcherry 


Rubus  strigosus 


Arizona  rose 
Raspberry 


RUB I ACE AE 


Madder  Family 


Galium  aparine 
G.  stellatum 
G.  wrightii 


Bedstraw;  goosegrass  bedstraw 
Desert  bedstraw 
Wright  bedstraw 
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RUTACEAE      Rue  Family 


Ptelea  angustifolia     Hoptree 

P.  pallida     Hoptree 

Thamnosma  montana     Turpentine-broom 


SALICACEAE     Willow  Family 

Populus  fremontii     Fremont  poplar;  Fremont  cottonwood 

Salix  exigua     coyote  willow 

Salix  gooddingii      Goodding  willow 

S_.  laevigata     Polished  willow  (red  willow) 

£. lasiolepis     Arroyo  willow 


SANTALACEAE      Sandalwood  Family 

Comandra  pallida     Pale  bastard  toadflax 

SAXIFRAGACEAE      Saxifrage  Family 

Fendlera  rupicola     Cliff  fendlerbush 
Heuchera  versicolor     Alumroot 
Ribes  cereum     Currant 

SCROPHULARIACEAE      Figwort  Family 

Antirrhinum  f ilipes     Snapdragon 

Castille ja  chromosa     Desert  Indian  paintbrush 

C_.  integra 

C.  linariaefolia     Wyoming  paintbrush 

Corydylanthus  parviflorus      Club-flower 

Maurandya  antirrhini flora     Twining  snapdragon 

Mimulus  bigelovii     Monkey-flower 

M.  cardinalis      Crimson  monkey-flower 

M.  nasutus 

Mohavea  breviflora 

M.  cardiophylla 

Penstemon  ambiguus 

P_.  barbatus      Beardlip  penstemon 

Penstemon  bicolor  ssp.  roseus 

P_.  bridgesii      Bridges  penstemon 

P_.  eatoni 

P_.  eatoni  ssp.  unduosus      Eaton  beardtongue 

P.  linarioides     Toadflax  penstemon 

P_.  microphyllus     Bush  penstemon 

—'    palme^i    Palmer  penstemon 

P_.  pseudospectabilis      Desert  penstemon 

P_.  schotii 

P.  subulatus      Scarlet  bugler 
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SCROPHULARIACEAS      Figwort  Family   (continued) 

Penstemon  thompsoniae      Thompson  penstemon 
P_.  thurberi 
P.  utahensis 


Veronica  anagallis-aquatica     Water  speedwell 

S IMAROUBACEAE     Simarouba  Family 

Holacantha  emoryi      Crucifixion  thorn 

SOLANACEAE     Potato  Family 

Datura  discolor 

D.  metaloides     Sacred  datura 

Lycium  andersonii     Wolfberry;  desert-thorn 

L.  cooper i     Cooper  wolfberry 

L_.  exsertum     Wolfberry 

L.  fremontii      Desert-thorn 

L.  pallidum     Pale  wolfberry 

Nicotiana  attenuata 

N.  glauca     Tree  tobacco 

N.  palmeri      Tobacco 

N.  trigonophylla     Desert-tobacco 

Physalis  crassifolia     Ground-cherry 

P.  fendleri     Fendler  ground-cherry 

Solanum  americanum     American  nightshade 

S_.  elaeagni folium     Silverleaf  nightshade 

S_.  rostratum     Buffalo-bur 

S_.  xantii     Purple  nightshade 

TAMARICACEAE     Tamarix  Family 

Tamarix  aphylla     Athel 
(H)  T.  chinensis   (T.  pentandra)      Tamarix 

TYPHACEAE      Cat-tail  Family 

Typha  domingensis     Cat-tail 

ULMACEAE      Elm  Family 

Celtis  reticulata     Netleaf  hackberry 
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UMBELLIFERAE     Parsley  Family 

Bowlesia  incana 

Cymopterus  multinervatus 

C.  purpurascens     Cymopteris 

Lomatium  nevadense     Biscuit- root ;  Indian-root 

URTICACEAE     Nettle  Family 

Parietaria  f loridana     Pellitory 
P.  per\  sylvanica     Pellitory 


VERBENACEAE     Vervain  Family 

Aloysia  wrightii     Mintbush;  lippia 

Verbena  bracteata     Big-bract  vervain 

V.  ciliata     Verbena 

V.  gooddingii      Goodding  vervain 

V.  wrightii 


VITACEAE     Grape  Family 

Vitis  arizonica     Canyon  grape 

ZYGOPHYLLACEAE      Caltrop  Family 

Fagonia  californica     Fagonia 

Kallstroemia  californica     California  caltrop 

K.  parvif lora 

Larrea  tridendata   (L.  divaricata)     Creosote-bush 

Tribulus  terrestris      Puncture-vine 
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B.    A  METRIC  BELT  TRANSECT  FOR  MEASURING  VEGETATION* 

With  the  conversion  to  the  metric  system,  range  scientists  and 
managers  must  adapt  range  measurements  to  the  metric  system.   The 
following  variable,  belt-transect  system  offers  some  possibilities. 

1.    Crown  Cover  or  Foliage  Density 

A  convenient  method  of  measuring  crown  cover  or  foliage  density 
(percentage  of  ground  area  covered)  is  to  use  a  tenth  square  meter 
frame  on  a  31.6  cm  x  31.6  m  belt  transect  (Figure  E-l) .   (The  31.6  cm 
is  the  square  root  of  1,000  cm^  and  the  belt  transect  is  1.04  feet  wide 
and  103.75  feet  long.)   The  transects  can  be  located  systematically 
from  a  random  start,  the  spacing  depending  on  the  size  and  shape  of  the 
area  to  be  sampled.   Transects  can  be  located  by  stretching  a  tape 
between  two  stakes  and  using  the  tenth  meter  frame  to  measure  the  width. 
The  31.6  m  belt  transect  can  be  laid  out  with  a  50  meter  tape  or  a  31.6 
meter  tape  made  by  adding  a  1.6  meter  length  to  a  30  meter  tape.   A 
two-man  crew,  one  estimator  and  one  recorder,  works  most  efficiently. 

With  this  system  there  are  100  tenth  square  meter  frames  in  each 
31.6  meter  belt  transect  so  the  cover  in  tenths  of  square  meters  equals 
percent.   Subdivision  of  the  tenth  meter  frame  into  halves  and  tenths 
facilitates  measurement  of  small  plants.   The  average  crown  cover  per 
transect  gives  crown  cover  density.   Also,  average  crown  cover  of  each 
species  per  transect  divided  by  the  average  total  crown  cover  per 
transect  will  give  the  percentage  species  composition  based  on  crown 
cover. 

The  length  of  the  best  transect  should  be  varied  with  the  type, 
uniformity,  density,  etc.  of  the  vegetation.   The  full  length  transect 
is  needed  for  sparse  or  variable  vegetation.   For  dense  or  more  uniform 
vegetation,  the  length  of  the  transects  can  be  reduced  to  one-half,  one- 
fourth,  one-fifth  or  one-tenth  and  the  results  adjusted  proportionately 
to  give  percentage  crown  cover  or  composition.   In  general,  a  31.6  meter 
belt  transect  is  needed  for  small  trees  and  large  shrubs,  15.8  meter 
for  medium-sized  shrubs,  7.9  meter  for  small  shrubs  and  sparse  bunch- 
grasses,  6.3  meter  for  arid  and  semiarid  short  and  mid  grasses,  and 
3.2  meter  for  dense  grasses  and  meadows.   Selection  of  a  more  accurate 
sample  size  for  specific  conditions  can  be  determined  statistically. 

The  number  of  transects  will  depend  on  the  variability  between 
transects,  length  of  transects,  the  use  planned  for  the  data,  and 
numerous  other  factors.   Also  the  number  of  transects  can  be  reduced 
and/or  the  accuracy  increased  by  stratifying  the  sample  areas  for 
uniformity  in  species  composition,  site  and  density  of  vegetatopm/ 
Transects  may  be  permanent  or  temporary. 


*Ervin  M.  Schmutz,  Paper  No.  2632,  Arizona  Agricultural  Experiment  Station, 
Technical  Note,  Journal  of  Range  Management. 
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FIGURE   E-l 

Tenth  square  meter  frame  for  measuring  percentage  crovn  cover, 
species  composition,  and  production  on  a  31.6  cm  x  31.6  m  belt 
transect  or  fraction  thereof. 
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2.    Forage  Production 

Forage  production  data  can  also  be  measured  using  the  31.6  meter 
belt  transect,  or  fraction  thereof.   As  above,  the  transect  can  be 
located  with  a  tape  and  the  width  measured  with  the  tenth  square  meter 
frame,  rod  or  shears.   Species  can  be  clipped  and  weighed  individually 
to  determine  production  of  individual  species  which  can  then  be  used  to 
estimate  grazing  capacity  or  species  composition  based  on  weight.   Pro- 
duction estimates  can  be  made  on  the  basis  of  current  twig  growth  or 
total  growth. 

Each  31.6  cm  x  31.6  meter  belt  transect  dquals  10  square  meters. 
Therefore,  the  average  weight  in  grams  per  transect  (for  individual 
species  or  total  mass)  equals  kg/ha  (lg/transect  ■*  10  m^/transect  = 
1000  g/kg  -J-  10,000  m^/ha)  .   Again,  fractional  transects  can  be  estimated 
proportionately.   For  example,  1  gram  on  a  15.8  meter  transect  equals 
2  kg/ha,  4  kg/ha  on  a  7.9  meter  transect,  5  kg/ha  on  a  6.3  m  transect, 
and  10  kg/ha  on  a  3.2  meter  transect. 


3.    Species  Composition 

Species  composition  can  be  estimated  by  crown  cover  or  weight  as 
discussed  above.   These  data  can  be  used  to  measure  range  condition 
and  trend  over  time. 


4.  Plant  Numbers  Per  Hectare 

By  separately  recording  plant  cover  per  plant  in  the  31.6  meter  belt 
transect,  or  fraction  thereof,  the  number  of  plants  per  hectare  can  be 
calculated  by  multiplying  the  average  number  per  transect  by  1,000 
(10,000  m2/ha  *   10  m^/ transect  =  1,000) .   Numbers  of  plants  in  fractional 
transects  can  be  increased  proportionately  (x2,000  on  a  15.8  meter  transect, 
x  4,000  on  a  7.9  meter  transect,  x  5,000  on  a  6.3  meter  transect,  and 
x  10,000  on  a  3.2  meter  transect). 

5.  Frequency 

The  31.6  meter  belt  transect,  or  fraction  thereof,  can  also  be  used 
to  measure  frequency  of  a  species  on  an  area  by  merely  recording  its 
presence  on  a  series  of  transects  and  converting  the  number  of  hits  to 
percent.   Plot  size  to  be  used  is  a  function  of  abundance  and  distribution 
of  the  species  being  measured. 
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6.    Discussion 

The  major  disadvantages  of  using  cover  measurements  are  that  grazed 
and  immature  plants  must  be  reconstructed  and  crown  cover  varies  from 
year-to-year.   However,  crown  cover  gives  the  best  visual  estimate  of  the 
area  occupied  by  a  plant,  year-to-year  comparisons  still  show  vegetative 
trends,  and  comparison  of  different  areas  within  the  same  year  are  valid. 
Also,  by  using  crown  cover  measurements  for  all  plants,  percentage  com- 
parisons can  be  made  between  all  species,  e.g.,  grasses  with  forbs  with 
shrubs  with  trees,  etc. 

Another  advantage  of  cover  measurements  is  that  they  can  be  made 
easier  than  basal  intercept  measurements.   Also,  the  belt  transect  gives 
a  much  larger,  and  thus  more  accurate,  sample  than  a  line  transect  and 
the  belt  transect  does  not  have  to  be  relocated  with  as  much  accuracy  to 
measure  the  same  area  on  repeat  readings  of  permanent  plots.   Also,  the 
belt  transect  is  easy  to  lay  out  and  gives  samples  with  less  variability 
than  round  or  square  plots  of  the  same  area. 
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C.    SQUARE  FOOT  BELT  TRANSECT  VEGETATION  DATA  COLLECTION  METHOD 

Arthur  D.  Little  range  specialists  and  technicians  have  utilized 
a  variation  of  "A  Metric  Belt  Transect  for  Measuring  Vegetation"  by 
Ervin  M.  Schmutz  to  measure  crown  cover  density  and  species  composition, 
Also  it  was  used  to  gather  forage  production  data  by  species. 

The  metric  belt  transect  is  designed  to  give  data  in  the  metric 
system.   (Example  -  production  being  in  terms  of  kilos  per  hectare 
instead  of  pounds  per  acre.)   In  place  of  utilizing  the  tenth  square 
meter  frame  on  a  31.6  cm  x  31.6  meter  belt  transect  (Figure  E-l) ,  a 
square  foot  frame  on  a  one  foot  x  100  foot  belt  transect  has  been 
substituted.   When  utilizing  the  belt  transect  for  herbage  production, 
the  transect  is  96  feet  in  length. 

The  number  of  100  foot  by  one  foot  belt  transects  used  within  a 
vegetative  type  will  vary  with  the  type,  uniformity,  density,  etc.,  of 
the  vegetation.   The  number  of  transects  (100  feet  in  length  for  crown 
cover  of  foliage  density;  and  96  feet  in  length  for  forage  production) , 
run  in  each  vegetative  type  vary  from  a  minimum  of  21  to  a  maximum  of 
30.   This  number  of  transects  is  being  utilized  in  order  to  achieve  an 
85  to  90%  statistical  degree  of  accuracy.   The  statistical  degree  of 
accuracy  was  arrived  at  by  in  the  field  sampling  with  Dr.  Schmutz  to 
determine  the  minimum  number  of  transects  required  within  vegetative 
types  of  different  densities  in  order  to  approach  an  85  to  90%  degree 
of  accuracy. 

Field  training  was  conducted  by  Dr.  Schmutz  on  behalf  of  ADL  range 
specialists  and  technicians  on  the  chaparral-grassland  type  adjacent  to 
the  Santa  Rita  Experimental  Range  south  of  Tucson;  and  the  desert  shrub 
and  desert  grassland  types  on  the  Page-Trowbridge  Experimental  Ranch 
north  of  Tucson. 
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D.    AN  EXAMPLE  OF  METHODOLOGY  TO  CONVERT  FORAGE  PRODUCTION  TO  AUMs 

Forage  production  data  was  accumulated  by  utilizing  the  variation  of  "A 
Metric  Belt  Transect  For  Measuring  Vegetation",  E.  Schmutz,  Appendix. 

Conversion  of  forage  production  obtained  from  clipping  studies  on 
allotments  within  the  ES  Area  has  been  in  terms  of  pounds  of  air  dry 
forage  consumed  daily  by  a  typical  Arizona  cow  under  range  conditions. 

The  conversion  criteria  utilized  by  ADL  range  specialists  is  based  upon 
a  14-year  cow-calf  production  projected  conducted  by  the  Animal  Science 
Department,  University  of  Arizona,  Tucson.   This  study,  "Cow-Calf 
Production  Under  Intensive  Systems".   Bruce  Taylor  and  Don  McGinty, 
Research  Study  1962-1976.   Agricultural  Experiment  Station,  University 
of  Arizona,  Tucson,  established  a  true  forage  consumption  rate  for 
producing  cows  under  a  nutritional  regime  that  was  based  upon  the  season- 
al variations  of  native  range  forage  for  Arizona.   The  basic  components 

of  this  study  were a)  the  cowherd  was  run  under  confined  (dry  lot)  and 

semi-confined  (part  time  dry  lot;  part  time  pasture),  conditions  through 
the  14-year  study;  b)  the  study  utilized  cows  that  were  physically  larger 
and  of  better  quality  than  average  Arizona  range  cows;  and  c)  the  cowherd 
was  fed  a  roughage  ration  that  was  comparable  to  typical  range  forage  as 
consumed  by  a  range  cow.   The  rations  were  composed  of  varying  quantities 
of  Arizona  range  forage  on  a  seasonal  basis.   Daily  forage  consumption 
rates  as  a  result  of  this  study  were: 

•  mature  cows  when  not  nursing  a  calf,  consumed  an  average  of 
15  pounds  air  dry  forage  per  day;  when  nursing  a  calf,  the 
cows  consumed  an  average  of  24  pounds  of  air  dry  forage  per 
day; 

•  on  an  annual  basis  (including  the  cow  maintenance  period, 
calving  and  nursing  the  calf),  the  average  annual  range 
forage  consumption  per  cow  was  6,800  pounds  or  567  pounds 
of  air  dry  plant  material  per  month.   This  equates  to  an 
average  daily  consumption  rate  of  18.63  pounds. 

In  arriving  at  a  daily  forage  consumption  rate  per  cow  unit,  ADL  range 
management  specialists  take  the  18.63  pounds  per  day  as  determined  by 
the  University  of  Arizona  study,  and  use  a  multiplier  factor  of  1.25  to 
account  for  air  dry  herbage  loss  (trampling  and  wind)  and  otherwise 
utilized  by  wildlife.   Hence,  the  daily  forage  consumption  rate  arrived 
at  for  forage  conversion  to  AUM's  of  grazing  capacity,  is  23.29  pounds  air 
dry  forage  per  cow  per  day,  or  709  pounds  per  month. 

Because  forage  production  samples  wera  not  collected  on  all  portions  of 
each  allotment,  but  primarily  on  sites  that  represented  major  vegetation 
subtypes  by  size;  the  sample  transects  are  not  necessarily  representative 
of  the  total  production  of  each  allotment. 
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To  adequately  arrive  at  grazing  capacity  utilizing  this  method  of  conversion, 
forage  production  sampling  would  have  to  be  representative  of  a  large  number 
of  range  conditions  and  transect  all  vegetative  subtypes  within  that  allot- 
ment.  Time  of  year  of  forage  data  collection  is  most  important.   If 
collection  period  is  following  the  use  period  that  is,  prior  to  the  growing 
period;  then  the  forage  weights  collected  must  be  converted  on  the  basis  of 
utilization.   When  herbage  material  is  collected  during  or  after  the  growing 
period,  then  that  data  must  be  converted  to  air  dry  material. 

Once  forage  production  information  is  converted  to  forage  production  for  the 
entire  allotment,  then  a  representative  estimated  grazing  capacity  can  be 
arrived  at  by  multiplying  the  total  forage  production  in  pounds  by  the 
average  desired  percent  utilization  based  upon  the  present  range  condition 
and  the  management  goals  judged  against  present  range  trend.   Dependent  upon 
present  range  condition  and  trend,  the  following  percent  utilization 
multipliers  may  be  used: 

Poor  30%  utilization 

Poor-Fair  35%  utilization 

Fair  40%  utilization 

Fair-Good  45%  utilization 

Good  50%  utilization 

To  arrive  at  an  estimated  grazing  capacity,  the  average  forage  production 
for  the  entire  allotment  is  arrived  at  from  a  composite  of  the  clipping 
studies.   The  available  forage  is  then  determined  by  multiplying  total 
forage  production  by  the  percent  utilization  desired  for  the  average 
condition  of  that  allotment.   This  total  (available  forage  in  pounds)  is  then 
divided  by  709  pounds  Cthe  adjusted  consumption  of  air  dry  forage  necessary 
to  carry  an  average  Arizona  cow  for  one  month) ,  which  is  the  estimated 
grazing  capacity  of  that  allotment  as  expressed  in  AUM's.   This  number 
divided  by  12  will  express  grazing  capacity  in  CYL's. 

AN  EXAMPLE  of  a  conversion  of  an  allotment  based  upon  adequate  sample  forage 
production  clippings  representative  of  the  entire  allotment  would  be  as  follows: 

The  John  Q.  Public  allotment  is  comprised  of  78,000  acres  of  which  85% 
is  deemed  useable  (66,300  acres).   The  predominant  acreage  range  con- 
dition is  fair,  hence,  the  multiplier  factor  becomes  40%  to  arrive  at 
available  forage. 

96  herbage  production  belt  transects  (totalling  9,216  feet  in  length  by 
one  foot  in  width),  across  3  major  vegetation  subtypes  (desert  shrub, 
creosote  bush  and  half  shrub).   Herbage  production  (adjusted),  yielded 
an  average  of  100  pounds  of  available  air  dry  forage  per  acre. 

Total  acres  -  66,300  x  100  pounds  =  6,630,000  pounds  of  total  forage. 
6,630,000  x  40%  desired  utilization  =  2,652,000  pounds  of  forage  avail- 
able for  livestock  use.   The  2,652,000  pounds  *  709  pounds  necessary 
per  Arizona  cow  per  month  =  3,740  AUMs  or  312  cyls. 

NOTE:   It  must  be  noted  that  estimated  grazing  capacities  are  reflective  only 
of  the  year  of  data  collection.   Considering  the  extreme  variations  in  forage 
production  of  Arizona  rangelands  from  year  to  year  —  100  to  300  percent; 
numerous  years  of  data  on  many  sample  sites  would  be  necessary  to  arrive  at 
valid  average  grazing  capacities  using  forage  conversion  as  a  base. 
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APPENDIX  F 
'  LIST  OF  ANIMAL  SPECIES 
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APPENDIX  G 


CULTURAL  RESOURCES  OF  THE  ES  AREA 


CULTURAL  RESOURCES  OF  THE  ES  AREA 


A.    CULTURAL  HISTORY* 

An  understanding  of  the  course  of  human  history  in  the  ES  area  is 
essential  to  identifying  significant  cultural  resources.   The  following 
summary  provides  the  framework  for  determining  what  kinds  of  cultural 
resources  are  critical  to  understanding  human  adaptation  to  the  environ- 
ment of  the  ES  area. 

The  earliest  well-dated  occupation  of  the  New  World  occurred  about 
12,000  years  ago.   Sites  of  this  period,  the  Early  Man  Period,  have  been 
identified  to  the  southeast  and  to  the  northwest  of  the  ES  area. 
It  is  not  unreasonable  to  expect  that  further  investigation  would  produce 
evidence  of  this  early  occupation  in  the  ES  area  itself.   In  particular, 
the  area  surrounding  Red  Lake  is  similar  in  setting  to  other  Early  Man 
sites  and  its  shorelines  probably  date  to  the  Early  Man  period. 

2 
The  earliest  dated  use  of  the  ES  area,  250  B.C.  ,  is  representative 

of  the  preceramic  populations  that  are  believed  to  have  used  northwestern 
Arizona  for  a  period  of  several  thousand  years.   These  groups  probably 
evolved  from  Early  Man  populations  of  the  Great  Basin  or  the  Southwest. 
The  preceramic  populations,  designated  Archaic,  probably  pursued  a  nomadic 
life  in  the  ES  area,  moving  from  area  to  area  to  collect  wild  plants  and 
hunt  game.   Sporadic  signs  of  Archaic  populations  are  found  along  the 
Colorado  River^>^  and  in  the  upland  areas  of  the  ES  area^.   Their  relation- 
ship to  later  ceramic  producing  groups  is  unclear. 

Ceramics  first  appeared  in  the  ES  area  approximately  1300  years  ago". 
The  origin  of  pottery  making  traditions  in  northwestern  Arizona  is  poorly 
understood.   By  approximately  A.D.  1150,  ceramic  producing  people, 
apparently  from  the  Colorado  River  valley,  began  to  occupy  the  upland 
portion  of  the  ES  area'.   Whether  these  early  pottery  using  groups,  the 
Cerbat,  encountered  other  aboriginal  populations  using  the  ES  area  is  not 
known.   In  general,  the  groups  living  along  the  Colorado  River  and  those 
in  the  uplands  appear  to  have  used  different  subsistence  practices  with 
the  Cerbat  supporting  themselves  principally  by  gathering  wild  plants 
and  by  hunting,  while  the  riverine  groups  practiced  extensive  agriculture 
along  the  floodplains.   The  upland  occupants  of  the  ES  area  appear  to  be 
ancestral  to  the  modern  Hualapai°  while  the  riverine  populations  probably 
were  ancestral  to  the  Mohave. 

The  ES  area  was  extensively  occupied  by  Native  Americans  when  the 
first  Spanish  explorers  entered  the  area.   Although  these  explorers 
visited  the  area  as  early  as  1604,"  they  left  few  signs  of  their  presence 
either  among  the  Native  Americans  or  in  the  archaeological  record. 
Intensive  settlement  of  the  ES  area  by  European  Americans  did  not  occur 
until  the  19th  century  when  steamship  travel  along  the  Colorado  River 
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began  and  railroad  construction  came  into  full  swing.   Mining,  however, 
growing  out  of  prospecting  by  soldiers  at  Fort  Mohave,  was  the  principal 
impetus  to  population  growth  in  the  ES  area.   Most  of  the  historic 
districts  date  to  the  intensive  development  of  mining  and  mining  towns 
in  the  mid-  and  late-1800' s.10  Livestock  grazing  was  established  as  an 
important  way  of  life  by  the  1860's  and  '70's.   Ranching  was  generally  a 
boom  or  bust  activity  until  the  1920' s.H   Since  then,  it  has  been 
relatively  stable. 

An  important  consequence  of  European  American  settlement  and 
development  of  the  ES  area  was  the  relocation,  sometimes  forcible,  of 
Native  Americans  to  reservations.   Today  the  Hualapai  occupy  a  reserve 
bordering  the  ES  area  on  the  east  and  the  Mohave  occupy  a  reservation  on 
the  southwest  boundary  of  the  ES  area. 


B.    SCIENTIFIC  SIGNIFICANCE 

An  indication  of  the  scientific  significance  of  cultural  resources 
is  the  ability  of  that  resource  to  increase  our  understanding  of  past 
(and  present)  human  behavior.   In  order  to  identify  those  areas  most 
critical  to  scientific  endeavors,  it  is  necessary  to  specify  some  of  the 
problems  in  understanding  human  history  in  the  ES  area.   Beyond  these 
problems,  defined  by  present  knowledge  of  cultural  history  and  of 
archaeological  and  historical  method  and  theory,  there  are  problems  and 
methods  that  will  emerge  over  the  next  several  decades.   Cultural 
resources  also  attain  significance  through  their  potential  to  answer 
these  questions  of  future  generations  of  scholars.   An  outline  of  some  of 
the  significant  present  day  questions  pertaining  to  past  human  use  of 
the  ES  area  follows.   The  list  is  not  exhaustive,  but  is  intended  to 
illustrate  the  nature  of  scientific  significance  in  the  ES  area. 

1.    Data  Gaps 

Two  of  the  main  difficulties  in  reconstructing  the  cultural 
development  of  the  ES  area  are  the  lack  of  datable  archaeological 
resources  and  the  absence  of  a  well-defined  and  identifiable  ceramic 
system.   The  first  makes  it  virtually  impossible  to  determine  the  age 
of  many  of  the  sites  of  the  ES  area,  particularly  those  which  consist 
entirely  of  surface  deposits.   The  second  lack  makes  it  difficult  to 
differentiate  cultural  groups  that  were  present  in  the  region.   Together, 
these  two  data  gaps  contribute  to  the  difficulty  of  determining  when  the 
area  was  occupied  and  how  the  groups  which  occupied  the  area  interacted. 
Those  sites  which  contain  stratified  deposits  of  cultural  and  natural 
materials  or  materials  amenable  to  radiocarbon  or  archaeomagnetic  dating 
must  be  considered  extremely  significant.   Those  sites  with  ceramic 
remains  must  also  be  considered  to  have  substantial  significance  for 
scientific  research. 
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2.  Cultural  History  Problems 

The  review  of  cultural  history  in  the  ES  area  suggests  several 
areas  of  scientific  inquiry  to  which  archaeologists  do  not  yet  have 
adequate  answers.   First,  are  there  remains  of  Early  Man  populations  in 
the  ES  area?   If  so,  are  these  more  closely  related  to  those  in  the 
Great  Basin  or  those  of  southeastern  Arizona?   Second,  what  is  the  nature 
and  duration  of  the  Archaic  occupation  of  the  region?   It  is  not  known 
whether  the  Archaic  populations  gave  rise  to  ceramic  producing  traditions 
that  appeared  along  the  Colorado  River  about  1300  years  ago.   What  is 
the  relationship  between  the  riverine  and  upland  ceramic  traditions? 
Third,  archaeologists  and  ethnographers  have  yet  to  adequately  define 
the  nature  of  prehistoric  and  historic  trade  and  communication  between 
the  riverine  and  upland  portions  of  the  ES  area.   How  far  into  the  past 
did  trade  routes  exist  between  these  areas?   Significant  sites  and  areas 
for  resolving  some  of  these  questions  include  areas  with  potential  for 
containing  Early  Man  sites,  like  Red  Lake,  areas  intermediate  in  location 
between  the  upland  and  riverine  zones,  and  sites  containing  datable 
Archaic  materials. 

3.  Ecological  Questions 

Knowledge  of  past  environments  is  important  not  only  to  archaeologists 
studying  the  means  by  which  prehistoric  people  adapted  to  their  environment 
and  used  available  resources,  but  also  to  scientists  interested  in  under- 
standing changes  in  regional  climate  and  the  evolution  of  arid  landsl2. 
Of  particular  importance  to  ecological  questions,  then,  are  those  sites 
with  a  potential  for  preserving  perishable  plants  and  animal  remains  in 
datable  contexts.   With  respect  to  this  criterion,  dry  rockshelters  are 
extremely  significant. 

Furthermore,  understanding  the  ways  in  which  groups  used  their 
environment  requires  that  a  sample  of  sites  representating  the  kinds  of 
subsistence  activities  conducted  by  the  inhabitants  be  available  and 
that  the  environmental  and  geographic  zones  in  which  these  sites  are 
located  be  represented.   Areas  containing  a  wide  variety  of  the  kinds  of 
sites  found  in  the  region  should  be  especially  significant  for  these 
problems . 

4.  Heritage  Values 

Cultural  resources  have  social  value  both  for  specific  ethnic 
groups  and  for  society  at  large.   Archaeological  sites  have  the  potential 
to  provide  a  sense  of  place  and  antiquity  to  Native  American  communities 
whose  culture  has  been  radically  changed  through  the  intervention  of 
European  Americans.   A  sense  of  history  is  also  important  to  more  recent 
immigrants  to  the  ES  area.   The  ethnic,  social,  and  economic  characteristics 
of  the  initial  European-American  settlement  of  the  region  are  represented 
to  some  extent  in  the  archaeological  resources  of  the  ES  area.   Cultural 
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resources  extending  over  many  thousands  of  years  of  occupation  of  the 
region  also  provide  a  perspective  from  which  to  view  man's  current  use 
of  the  resources  and  environment  of  the  ES  area-*-  . 

5.    Educational  and  Recreational  Opportunities 

The  educational  and  recreational  values  of  the  cultural  resources 
of  the  ES  area  are  significant  in  two  ways.   First,  they  provide  the 
public  with  activities  whose  popularity  is  evident  in  the  frequency  of 
visitation  of  parks,  monuments,  and  markers  of  prehistoric  and  historic 
interest,  and  in  particular,  in  the  frequency  of  historic  sightseeing 
in  the  ES  area.   Second,  education  of  the  public  to  the  value  of  cultural 
resources  should  reduce  the  incidence  of  thoughtless  disturbance  of 
archaeological  sites.   Significant  sites  and  areas  in  this  category 
should  include  areas  with  a  wide  variety  of  cultural  resources  that  would 
demonstrate  the  ways  in  which  human  populations  adapted  to  the  region, 
the  evolution  of  cultural  groups,  artifacts,  architectural  styles,  or 
village  layouts.   It  should  also  include  sites  suitable  for  the  public 
to  observe  scientific  excavation  being  conducted. 
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APPENDIX  H 
DEMOGRAPHIC  AND  SOCIOECONOMIC  DATA 


TABLE  H-l 
POPULATION  OF  MAJOR  AREAS  WITHIN  MOHAVE  COUNTY  -  1970-1976 


Mohave  County 


1970 


25,857 


1974 


35,714 


1976 


39,401 


EIS  Area 

Kingman  Area 
Kingman 

Dolan  Springs /Meadview 

Mohave  Valley  North 

Sacramento  Valley 

Lake  Havasu  City  Area 
Lake  Havasu  City 

Mohave  Valley  South 

Residual 


10,540 

13,396 

14,097 

7,312 

7,202 

7,313 

558 

833 

1,017 

3,759 

5,668 

6,958 

574 

619 

730 

5,185 

10,028 

10,835 

4,861 

8,399 

N.A. 

1,591 

2,011 

2,490 

3,650 

3,159 

3,274 

Sources:   Mohave  County  Special  Census,  1974;  U.S.  Bureau  of  the 
Census,  Census  of  Population:  1970,  General  Social  and 
Economic  Characteristics,  Final  Report  PC(1)-C4,  Ariz- 
ona, U.S.  Government  Printing  Office,  Washington,  D.C., 
1971. 


H-l 


TABLE  H-2 
AGE-SEX  DISTRIBUTION  OF  THE  MOHAVE  COUNTY  POPULATION 

1960  1970  1974 


Male  Female  Male  Female  Male  Female 

19  and  Under       1,556  1,505  4,858  4,513  6,239  5,662 

20-39               837  839      2,700  3,010  3,870  4,041 

40-64             1,155  1,044  4,026  4,060  5,470  5,816 

65  and  older         454  346      1,500  1,190  2,243  1,871 

Total         4,002  3,734  13,084  12,773  17,822  17,390 


Sources;   Mohave  County  Special  Census,  1974;  U.S.  Bureau  of  the  Census, 
Census  of  Population:  1970,  General  Social  and  Economic 
Characteristics,  Final  Report  PC(1)-C4,  Arizona,  U.S.  Govern- 
ment Printing  Office,  Washington,  D.C.,  1971;  U.S.  Bureau  of 
the  Census,  U.S.  Census  of  Population:  1960,  Detailed  Charac- 
teristics, Arizona,  Final  Report  PC(1)-4D,  U.S.  Government 
Printing  Office,  Washington,  D.C.,  1962. 
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TABLE  H-3 
GROSS  MIGRATION  FOR  MOHAVE  COUNTY  -  1965-1970 


Total 

Male 
Female 

White 
Black 


Age 


3, 

,078 

893 

785 

1. 

,050 

2, 

,758 

4, 

,098 

L 

,208 

Net 

Migration 

In-Migration 

Out-Migration 

9,544 

13,870 

4,326 

4,934 

7,061 

2,127 

4,610 

6,809 

2,199 

9,440 

13,558 

4,118 

-9 

- 

9 

Under  15  years  2,043  3,078  1,035 

15-19  years  458  893  435 

20-24  years  307  785  478 

25-29  years  642  1,050  408 


30-44  years  1,801  2,758  957 

45-64  years  3,363  4,098  735 

65  and  over  930  1,208  278 


Not  in  military 
or  college  in 
1965-1970  9>432  13,347  3,915 

Total  Allocations  428  997  569 


Source:   U.S.  Bureau  of  the  Census,  Current  Population  Reports,  Series 
P-25,  No.  701,  "Gross  Migration  by  County:  1965  to  1970,"  U.S. 
Government  Printing  Office,  Washington,  D.C.,  1977. 
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TABLE  H-7 

AVERAGE  HOURLY  EARNINGS,  AVERAGE  WEEKLY  HOURS,  AVERAGE  WEEKLY  EARNINGS 
OF  PRODUCTION  WORKERS  IN  SELECTED  INDUSTRIES  IN  ARIZONA 


1960c 


1965c 


1970c 


1974' 


1975' 


1976 


AVERAGE  HOURLY  EARNINGS 


Manufacturing 

Food  and  Kindred  Products 
Primary  Metals 

Machinery  (including  Electrical) 
Ordnance,  Aircraft,  and  Parts 

Copper  Mining 

Contract  Construction 

Utilities 

Trade 

Retail0 
Wholesale 


$  2.46 


$  2.77   $   3.31 


.40 


$  4.85 


$  5.19 


2.12 

2.37 

3.31 

5.45 

5.98 

6.54 

2.62 

2.96 

3.62 

4.45 

4.72 

5.12 

2.40 

2.68 

2.98 

5.40 

5.91 

6.61 

2.88 

3.56 

4.06 

3.84 

4.27 

4.42 

2.66 

3.25 

3.95 

5.61 

6.41 

7.14 

3.57 

4.31 

5.83 

8.42 

9.13 

9.00 

2.41 

2.90 

3.75 

5.22 

5.92 

6.68 

1.71 

2.01 

2.73 

3.53 

3.74 

4.06 

2.34 

2.74 

3.53 

4.64 

4.90 

5.13 

AVERAGE  WEEKLY  HOURS 


Manufacturing 

Food  and  Kindred  Products 
Primary  Metals 

Machinery  (including  Electrical) 
Ordnance,  Aircraft,  and  Parts 

Copper  Mining 

Contract  Construction 

Utilities 

Trade 

Retail0 
Wholesale 


Manufacturing 

Food  and  Kindred  Products 

Primary  Metals 

Machinery  (including  Electrical) 

Ordnance,  Aircraft,  and  Parts 

Copper  Mining 

Contract  Construction 

Utilities 

Trade 

Retail0 

Wholesale 


40.3 


41.1 


40.0 


39.2 


39.0 


39.5 


42.1 

42.5 

41.1 

42.6 

41.5 

41.4 

42.3 

43.4 

42.5 

40.6 

40.3 

40.2 

40.3 

41.5 

39.4 

40.5 

39.8 

40.7 

41.2 

42.4 

41.9 

38.9 

39.2 

39.9 

43.7 

45.0 

43.8 

39.6 

38.6 

40.1 

36.5 

34.9 

36.9 

36.4 

35.9 

35.6 

41.4 

40.8 

40.9 

40.4 

39.9 

40.4 

40.5 

38.3 

35.6 

34.7 

35.0 

35.0 

40.9 

40.4 

40.9 

40.4 

40.0 

40.7 

USE  WEEKLY  EARNINGS 

99.14 

S113.85 

$132.40 

$172.48 

$189.15 

$205.00 

89.25 

100.72 

136.04 

232.17 

248.17 

270.76 

110.83 

128.46 

153.85 

180.67 

190.22 

205.82 

96.72 

111.22 

117.41 

218.70 

235.22 

269.03 

118.66 

150.94 

170.11 

149.38 

167.38 

176.36 

116.24 

146.25 

173.01 

222.16 

247.43 

286.31 

130.31 

150.42 

215.13 

306.49 

327.77 

320.40 

99.77 

118.32 

153.38 

210.89 

236.21 

269.87 

69.26 

76.98 

97.19 

122.49 

130.90 

142.10 

95.71 

112.07 

144.38 

187.46 

196.00 

208.79 

Note:   These  estimates  are  based  on  a  sample  of  full-  and  part-time  production  and  related  employees 
whose  payroll  and  hours  are  reported  for  the  pay  period  which  includes  the  12th  of  the  month. 

a.  All  data  have  been  adjusted  to  the  1967  Standard  Industrial  Classifications  (SIC). 

b.  All  data  have  been  adjusted  to  the  1972  Standard  Industrial  Classifications  (SIC). 

c.  Excludes  eating  and  drinking  places. 

Sources:   Arizona  Department  of  Economic  Security,  Bureau  of  Employment  and  Training,  Labor  Market 
Information,  Research  and  Analysis  Section. 
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TABLE  H-8 

PERSONAL  INCOME  IN  MOHAVE  COUNTY  BY  MAJOR  SOURCES  -  1965-75 
(thousands  of  dollars) 


1965 


1970 


1974 


1975 


Total  Labor  and  Proprietors  Income  by  Place  of  Work' 


By  Type 

Wage  and  Salary  Disbursements 
Other  Labor  Income 
Proprietors  Income 

Farm 
Nonfarm 


$22,679  $48,261 
1,270  3,297 
2,335     6,231 


420 
2,755 


1,186 
5,045 


$  80,641 
6,377 
6,108 

-510 
6,618 


$  87,221 
7,647 
8,193 

819 
7,374 


By  Industry 

Farm 

Nonfarm 

c 
Private 

Manufacturing 

Mining 

Contract  Construction 

Wholesale  and  Retail  Trade 

Finance,  Insurance,  and  Real  Estate 

Transportation,  Communication,  and 

Public  Utilities 
Services 
Other  Industries 

Government 

Federal,  Civilian 
Federal,  Military 
State  and  Local 


$  -228 

$  1,724 

$     86 

$  1,428 

26,512 

56.065 

93,040 

101,633 

22,170 

47,120 

75,842 

81,533 

2,486 

5,489 

19,549 

22,579 

(D) 

(D) 

(D) 

CD) 

4,661 

10,617 

12,715 

9,890 

5,727 

9,962 

14,853 

18,307 

942 

2,115 

(D) 

(D) 

1,848 

3,444 

5,326 

5,805 

(D) 

10,514 

14,252 

14,022 

(D) 

(D) 

(D) 

(D) 

4,342 

8,945 

17,198 

20,100 

1,196 

1,480 

2,935 

3,507 

173 

462 

801 

858 

2,973 

7,003 

13,462 

15,735 

Derivation  of  Personal  Income  by  Place  of  Residence 

Total  Labor  and  Proprietors  Income  by  Place  of  Work 

Less:   Personal  Contributions  for  Social  Insurance 
by  Place  of  Work 

Net  Labor  and  Proprietors  Income  by  Place  of  Work 
Plus:   Residence  Adjustment 

Net  Labor  and  Proprietors  Income  by  Place  of  Residence 

Plus:   Dividends,  Interest  and  Rent 
Plus:   Transfer  Payments 

Personal  Income  by  Place  of  Residence 
Per  Capita  Income  (actual  dollars) 


$26,284   $57,789   $  93,126   $103,061 


839 


2,443 


5,329 


5,757 


25,445 

55,346 

87,797 

97,304 

3,651 

10,688 

15,887 

17,278 

29,096 

66,034 

103,684 

114,582 

5,428 

10,503 

22,446 

24,155 

3,514 

10,230 

25,439 

30,973 

38,038 

86,767 

151,569 

169,710 

2,519 

3,319 

4,310 

4,543 

a.  Equals  the  sum  of  wages,  other  labor  income,  and  proprietors  income. 

b.  Primary  source  for  private  nonfarm  wages:   ES-202  covered  wages  —  Arizona  Employment  Security 
Commission. 

c.  (D)  not  shown  to  avoid  disclosure  of  confidential  information.   Data  are  included  in  totals. 

Source:   Regional  Economics  Information  System,  Bureau  of  Economic  Analysis. 
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TABLE  H-9 

PERSONAL  INCOME  IN  ARIZONA  BY  MAJOR  SOURCES  -  1965-75 
(thousands  of  dollars) 


Total  Labor  and  Proprietors  Income  by  Place  of  Work 

By  Type 

Wage  and  Salary  Disbursements 
Other  Labor  Income 
Proprietors  Income 

Farm 
Nonfarm 


1965 


$2,465,744 
108,897 
433,850 

140,310 
293,540 


1970 


1974 


1975 


$4,410,086  $  7,258,913  $  7,484,721 
236,871  424,330  467,684 
588,013      845,834      765,267 


173,348 
414,665 


345,042 
500,792 


219,353 
545,914 


By  Industry 

Farm 

Nonfarm 

Private 

Manuf  ac  tur  ing 

Mining 

Contract  Construction 

Wholesale  and  Retail  Trade 

Finance,  Insurance,  and  Real  Estate 

Transporation,  Communication,  and 

Public  Utilities 
Services 
Other  Industries 

Government 

Federal,  Civilian 
Federal,  Military 
State  and  Local 


$  193,715 
2,814,776 
2,180,172 

463,369 

143,804 
196,764 
523,190 
180,897 

196,145 
465,259 

10,744 


162,021 
117,796 
354,787 


$   251,119 

4,983,851 

3,855,691 

841,566 
236,460 
435,684 
879,438 
286,864 


281,208 
231,349 
625,603 


431,115 
8,097,962 
6,245,741 

1,287,187 
385,267 
814,908 

1,393,315 
463,234 


314,910      519,114 

844,424    1,344,197 

16,345      38,519 


634,604    1,128,160    1,852,221 


429,505 

311,920 

1,110,796 


307,237 

8,410,435 
6,345,453 

1,300,636 
385,401 
646,764 

1,469,008 
502,186 

558,310 

1,446,261 

36,887 

2,064,982 

484,004 

327,772 

1,253,206 


Derivation  of  Personal  Income  by  Place  of  Residence 

Total  Labor  and  Proprietors  Income  by  Place  of  Work 

Less:   Personal  Contributions  for  Social 
Insurance  by  Place  of  Work 

Net  Labor  and  Proprietors  Income  by  Place  of  Work 

Plus:   Residence  Adjustment 

Net  Labor  and  Proprietors  Income  by  Place  of  Residence 

Plus:   Dividends,  Interest,  and  Rent 
Plus:   Transfer  Payments 

Personal  Income  by  Place  of  Residence 

Per  Capita  Income  (actual  dollars) 


$3,008,491   $5,234,970  $  8,529,077  $  8,717,672 


88,604 
2,919,887 

-1,711 

2,918,176 

531,986 
308,073 

3,758,235 

2,373 


216,398 
5,018,572 

5,271 

5,023,843 

893,585 
651,068 

6,568,496 

3,665 


446,431 

8,082,646 

3,403 

8,086,049 

1,688,732 
1,346,072 

11,120,853 

5,152 


459,272 

8,265,700 

7,300 

8,265,700 

1,811,751 
1,745,024 

11,822,475 

5,316 


*Equals  the  sum  of  wages,  other  labor  income,  and  proprietors  income. 
**Primary  source  for  private  nonfarm  wages:   ES-202  covered  wages  —  Arizona  Employment  Security  Commission. 

Source:   Economics  Information  System,  Bureau  of  Economic  Analysis 
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TABLE  H-10 

ASSESSED  VALUATION  AND  STATE  AND 
COUNTY  TAX  RATES  -  1960-1976 


Year 


1960 


1965 


1970 


1974 


1975 


1976 


Valuation 
$  31,256,610 

51,874,416 
111,791,513 
164,949,614 
191,021,216 
206,100,000 


County  Rate 
$  0.9164 

1.4288 

2.2114 

2.0328 


2.0253 


2.0253 


State  Rate 


$  1.32 


1.77 


1.65 


1.50 


1.60 


1.60 


Total 


$  2.2364 


3.1988 


3.8614 


3.5328 


3.6253 


3.6253 


Source;   "County  of  Mohave:  Annual  Budget  and  Clerk's  Report,  Fiscal 

Year  1976-1977,"  Mohave  County  Finance  Department,  August  1976. 
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TABLE   H-ll 
TAXING  AUTHORITIES  AND  RATES  IN  ES  AREA 


Tax  Authority 

General  County  Rate 
Hospital 

Community  College 
State 

TOTAL  BASE 
Hackberry  School  District 

Kingman  School  District 

Kingman  City 

Chloride  School  District 

Topock  School  District 

Yucca  School  District 

Yucca  Fire  District 

Bullhead  City  School  District 

Bullhead  City  Fire  District 

Holiday  Lighting  District 

Riverside  Sanitary  District 

Mohave  Valley  School  District 

Mohave  Valley  Fire  District 

Valentine  School  District 


Assessed  Valuation 

$206,100 
190,803 
191,808 
191,808 


$  6,079 

$  49,926 

$  20,025 

$  20,897 

$  4,022 

$  4,198 

$  801 

$  21,514 

$  18,301 

$  1,570 

$  948 

$  8,003 

$  4,093 

$  1,231 


Tax  Rate 

$  2.0253 
2.3450 
0.7033 
1.6000 

$  6.6736 

$  0.4636 
$  7.1372 

$  3.2908 
$  9.9644 

$  0.8957 
$10.8601 

$  1.3320 
$  8.0056 

$  1.6542 
$  8.3278 

$  0.9551 
$  7.6287 

$  1.2000 
$  8.8287 

$  3.6595 
$10.3331 

$  1.1300 
$11.4631 

$  0.3097 
$11.7728 

$  6.4989 
$18.2717 

$  5.0198 
$11.6934 

$  1.2000 
$12.8934 

$  1.9374 
$  8.6470 


** 


* 

** 


Thousands  of  dollars 

Tax  per  $100  of  assessed  valuation. 


Source:   "County  of  Mohave:  Annual  Budget  and  Clerk's  Report,  Fiscal  Year 
1976-1977,"  Mohave  County  Finance  Department,  August  1976. 
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TABLE  H-12 

MOHAVE  COUNTY  REVENUE  SOURCES 
(thousands  of  dollars) 


Source  of  Revenue 


Actual 
Revenues 
FY  74-75 


Estimated 
Revenues 
FY  75-76 


Actual 
Revenues 
FY  75-76 


Estimated 
Revenues 
FY  76-77 


Federal  Government 


Revenue  Sharing 
Boulder  Canyon  Project 
Federal  Aviation 
Administration 
Other 

Subtotal 


!   488 

$   560 

$ 

560 

$ 

634 

100 

100 

100 

100 

74 

1,000 

835 

0 

15 

42 

33 

15 

!   677 

$  1,702 

$ 

1 

,528 

$ 

749 

State  Government 


Privilege  Sales  Tax 

$  1,417 

$  1,519 

$  1,519 

$  1,729 

Highway  Users  Revenue 

469 

780 

801 

836 

Liquor  Licenses 

11 

11 

12 

13 

Other 

470 

204 

245 

239 

Subtotal 

$  2,367 

$  2,514 

$  2,577 

$  2,817 

Other  Governments 

$    33 

$    27 

$    26 

$    34 

County  Government 

Property  Tax 
General  Fund 
Hospital  Fund 
Other 

Subtotal 


Total  All  Sources 


$  3,353 

1,066 

2,940 

220 

$  7,579 
$10,656 


$  3,869 

1,031 

1,449 

259 

$  6,608 


$10,851 


$  3,800 

1,231 

3,350 

287 

$  8,668 


$12,799 


$  4,174 

1,375 

1,685 

580 

$  7,814 


$11,414 


Source:   "County  of  Mohave:  Annual  Budget  and  Clerk's  Report,  Fiscal 

Year  1976-1977,"  Mohave  County  Finance  Department,  August  1976. 
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A.    THE  COMMUNITIES  OF  THE  ES  AREA 

(1)   The  Communities.   The  major  communities  in  the  impact  area  as 
discussed  below  are  Kingman,  Chloride,  Dolan  Springs,  Sacramento  Valley, 
Meadview,  Bullhead  City,  Oatman,  Hackberry,  Valentine,  and  Truxton.   There 
are    other  minor  communities  in  various  stages  of  development,  but  no  spe- 
cific profile  on  them  has  been  compiled.   The  size  of  the  unincorporated 
communities  is  provided  in  Table  11-27  and  their  location  shown  in  Figure  11-20 

•  Kingman 

Access  to  transportation  has  always  been  the  key  to  the  development 
of  Kingman.   It  was  established  in  1883  as  a  shipping  center  and  major 
stop  on  the  transcontinental  railroad  and,  to  this  day,  continues  to  be 
the  hub  of  the  network  of  highways  that  connects  Arizona  to  its  neighbors. 
It  serves  as  a  main  stop  on  Interstate  40  (also  known  as  the  famed  Route  66) 
between  Los  Angeles  and  points  eastward.   It  is  also  a  stopover  on  the 
northwesterly  Route  93,  heavily  traveled  between  Phoenix  and  Las  Vegas. 

Kingman  has  served  as  the  county  seat  since  1887  and  was  incorporated 
as  a  city  in  1952  with  13  square  miles  within  its  limits.   Residential 
developments  in  the  City  of  Kingman  have  expanded  from  the  older  downtown 
and  south  side  sections  of  the  city  to  the  east  with  affluent  homes  on 
the  Hilltop  area,  and  to  the  north  with  the  New  Kingman  Addition,  as  well 
as  to  the  adjacent  Hillcrest  Estates,  Canyon  Shadows,  and  Riata  Valley. 
Commercial  development  is  anticipated  to  follow  along  the  east  and  north 
to  serve  residential  needs.   Limited  industrial  development  has  been  attrac- 
ted to  the  Airport  Industrial  Park,  six  miles  northeast  of  the  city. 

Kingman  is  the  business  center  for  services  and  utilities  for  the 
impact  area.   It  is  the  home  of  Mohave  County  Community  College;  it  has  a 
fair-sized  hospital,  a  new  nursing  home   and  other  medical  facilities,  22 
churches,  a  library,  the  Museum  of  History  and  Arts,  an   active  Chamber  of 
Commerce,  two  local  radio  stations,  and  its  own  daily  newspaper.   Thirty 
motels  with  more  than  1400  rooms,  many  restaurants,  and  souvenir  shops 
along  Route  66  through  town  and  at  the  1-40  interchange  accomodate  t.h^f 
tourists  and  traveling  public. 

•  Chloride 

Chloride  is  a  small  community  north  of  Kingman  just  off  Highway  93. 
Originally  an  old  mining  town,  it  is  now  primarily  a  retirement  community 
that  appears  to  be  on  the  decline  in  population.   The  1974  special  census 
numbered  its  total  residents  as  151,  down  from  the  1970  figure  of  261. 
Employment  opportunities  are  scarce  in  Chloride  and  its  proximity  to 
Kingman  is  a  major  reason  for  its  declining  community. 

•    Dolan  Springs 

Dolan  Springs  is  a  growing  community  35  miles  north  of  Kingman  on 
the  road  that  branches  off  Route  93  heading  toward  Meadview,  Pierce  Ferry, 
and  Lake  Mead.   It  is  a  stopping  place  for  many  recreationists  en  route 
to  the  attractions  of  the  lake  and  is  also  the  site  of  one  of  the  largest 
joshua  tree  forests  in  the  state. 
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Dolan  Springs,  and  its  major  subdivision,  Lake  Mohave  Ranchos,  is 
primarily  a  retirement  community  of  lower- income  residents.   Other  than 
roads  which  were  initially  graded  and  a  title  to  the  acre  parcel,  nothing 
else  came  with  the  subdivision.   Strong  local  pride  and  healthy  commu- 
nity cooperation  have  since  built  up  the  community.   To  date,  the  town 
includes  a  post  office,  deputy  sheriff's  office,  elementary  school, 
library,  health  clinic  staffed  by  a  nurse,  and  a  community  hall.   Private 
business  services  include  two  grocery  stores,  a  retail  general  merchandise 
store,  three  service  stations,  a  diner,  an  upholstery  shop,  a  museum  and 
bake  shop,  barber  shop,  restaurant/motel/ trailer  park,  and  the  Ranch  Club 
(of  the  subdivision)  which  includes  a  bar,  dining  room,  and  swimming 
pool. 

.  Citizens  Utilities  Company  provides  electrical  and  telephone 
connections  to  the  town  proper  and  to  more  remote  subscribers.   Water 
supply  and  distribution  is  provided  by  the  four  nonprofit,  investor- 
owned  companies. 

There  is  not  much  interaction  between  the  Dolan  Springs  community, 
which  grew  from  354  in  1970  to  504  in  1974,  and  the  single  major  rancher 
whose  range  operations  encircle  the  community.   For  the  most  part,  the 
residents  hold  a  philosophical  view  about  the  presence  of  cattle  in  and 
around  their  property.   Acknowledging  that  the  cattle  were  there  before 
people  moved  in,  subdivision  residents  recognize  that  it  is  their  respon- 
sibility to  fence  cattle  out  of  their  property. 

•    Sacramento  Valley 

Sacramento  Valley,  due  west  of  Kingman  on  both  sides  of  Route  68 
that  leads  to  Bullhead  City,  is  a  relatively  unsettled  subdivided  area 
of  16,000  lots.   The  majority  of  these  are  2.5  acres  apiece,  but  among 
these  are  interspersed  undeveloped  40-acre  parcels  which  have  been  purchased 
by  real  estate  speculators  for  even  further  subdivision. 

The  checkerboard  pattern  of  land  ownership  so  prevalent  throughout 
the  area  has  been  minimized  to  some  extent  within  Sacramento  Valley  by 
the  land  exchanges  between  BLM  and  the  Golden  Valley  Ranchos  and  other 
subdividers.   Usable  flatland  immediately  fronting  the  highway  was 
swapped  by  BLM  for  more  remote  wildlife  areas. 

The  subdivisions  were  formed  in  the  early  1960s   before  the  recent 
passage  of  subdivision  laws  requiring  basic  engineering  improvements  to 
be  installed.   As  a  new  community  peopled  principally  by  retired  indivi- 
duals, Golden  Valley  has  very  little  development  and  very  few  improvements 
outside  of  graded  roads  (now  maintained  by  the  county)  and  street  signs. 
There  is  no  town  proper  as  such  and  very  few  local  facilities.   Citizens 
Utilities  Company  furnishes  the  area  with  electricity  and  telephone,  and 
a  water  district  was  formed  only  recently.   It  also  has  a  newly-established 
fire  district  which  has  yet  to  build  a  station  and  train  personnel. 
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The  community  at  Golden  Valley  is  primarily  a  retirement  one  rely- 
ing on  fixed  incomes.  With  few  local  establishments  to  provide  employ- 
ment, about  50%  of  the  population  commute  to  work  at  Kingman.  There  is 
minimal  cooperative  effort  among  the  residents,  and  the  community  looks 
toward  the  county  government  to  furnish  needed  improvements  and  services 
to  the  area.  It  also  looks  forward  to  incorporation  before  Kingman  (only 
10  miles  away)  absorbs  it. 

Contact  between  the  residents  of  Golden  Valley  and  the  surrounding 
ranches  is  not  favorable.   This  ill  feeling  stems  from  the  uncontrolled 
use  of  their  land  for  cattle  grazing.   The  residents  take  issue  with  the 
state's  open  range  law  which  allows  cattle  to  roam  freely  except  in 
designated  areas  as  they  believe  that  ranchers  should  be  responsible 
for  restraining  the  cattle. 

•  Meadview 

Meadview  is  considered  an  extension  of  Dolan  Springs.   Located  further 
along  the  road  that  branches  off  Route  93  towards  Pierce  Ferry  and  Lake 
Meqd,  it  is,  like  Dolan  Springs,  a  retirement  community.   It  also  provides 
services  for  tourists  and  recreationists  en  route  to  Lake  Mead.   Meadview 
has  grown  from  a  population  of  204  in  1970  to  329  in  1974,  and  is  expected 
to  continue   growing  steadily. 

•  Bullhead  City 

Bullhead  City  is  located  at  the  foot  of  Davis  Dam  on  the  Colorado 
River.   It  developed  as  a  service  community  for  the  workers  who  built  the 
dam  in  1953,  and  has  continued  to  be  a  residence  for  commute  workers  of 
the  power  plant  on  the  Nevada  side  as  well  as  a  tourist  destination  for 
water  sportsmen  and  patrons  of  the  gambling  casinos  across  the  river. 

Bullhead  City  has  grown  with  the  influx  of  retirees.   It  is  the 
second  largest  urban  center  in  the  ES  area  after  Kingman,  and  contains 
branch  offices  of  several  public  agencies  and  social  services,  as  well 
as  Mohave  Valley  High  School  and  a  campus  of  Mohave  Community  College. 

•  Oatman 

At  one  time,  Oatman  was  the  largest  community  in  Mohave  County,  with 
a  population  of  15,000  attracted  to  the  gold  and  silver  mines  in  the  sur- 
rounding Black  Mountains.   Today,  Oatman  is  termed  the  "liveliest  ghost 
town,"  with  a  resident  community  that  survives  by  virtue  of  tourism. 
Located  27  miles  southwest  of  Kingman  on  the  old  Route  66,  Oatman  attracts 
tourists  to  its  western  trappings  with  such  offerings  as  shootouts  on 
the  streets,  a  weekly  swap  (flea  market),  and  authentic  Old  West  shops. 
It  has  a  hotel,  grocery,  cafe  and  saloon,  several  rock  shops,  an  antique 
shop,  a  post  office,  fire  department,  sheriff's  office,  and  a  town  hall. 
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•    Hackberry,  Valentine,  Truxton 

These  are  a  string  of  small  communities  fronting  old  Route  66,  approx- 
imately 32  miles  northeast  of  Kingman.   The  fourth  town  on  the  string  is 
Peach  Springs  which  is  located  within  the  Hualapai  Indian  Reservation. 

Hackberry  is  a  former  mining  town  that  saw  prosperous  times  in  the 
1870s.   However,  mining  and  other  eraployemnt  opportunities  in  the  area 
are  limited  at  present.   Hackberry1 s  population  today  is  estimated  to 
be  approximately  90  and  dwindling.   The  completion  of  Interstate  40, 
which  will  bypass  Hackberry  and  the  neighboring  towns,  probably  will  fur- 
ther depress  the  community  and  its  livelihood  of  providing  limited  roadside 
services. 

Valentine,  about  five  miles  from  Hackberry,  used  to  be  the  site  of 
the  Truxton  Canyon  Indian  Agency  and  was  named  after  a  Commissioner  of 
Indian  Affairs  in  the  early  1970s.   All  that  remains  of  Old  Valentine 
today  are  the  abandoned  Little  Red  School  House,  one  ranch  home,  and  a 
couple  of  neglected  service  buildings.   New  Valentine  down  the  road  is 
once  again  dependent  for  its  livelihood  on  the  Bureau  of  Indian  Affairs 
that  administers  the  Hualapai  Indian  Reservation  out  of  its  Valentine 
headquarters.   There  are  approximately  10  households  in  the  town,  all 
associated  with  the  BIA.   Besides  the  recently  constructed  (1976)  BIA  offices 
and  residences,  other  facilities  in  Valentine  include  the  post  office  which 
services  the  surrounding  area  with  approximately  25  boxes,  two  service 
stations,  and  a  snack  bar.   Valentine  shares  the  school  district  with 
Truxton,  where  the  elementary  school  was  transferred  in  1969. 

Truxton,  10  miles  away  from  Valentine  on  old  Route  66,  is  a  stable 
community  of  approximately  100  residents.    Located  near  the  Truxton 
railroad  siding  and  shipping  corrals,  it  had  its  beginnings  in  1951  with 
the  opening  of  a  service  station  and  cafe  by  a  Santa  Fe  Railroad  superin- 
tendant.   Today,  much  of  its  business  activity  still  revolves  around 
transportation  with  local  employment  offered  by  the  Santa  Fe  Railroad, 
the  Arizona  Department  of  Transportation  (highway  maintenance  yard) ,  the 
Arizona  Highway  Patrol,  and  the  roadside  services  of  three  motels, 
five  service  stations  and  garage,  one  grocery  and  general  store,  one 
bar,  and  two  restaurants. 
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B.    LOCAL  PUBLIC  SERVICES  -  MOHAVE  COUNTY 

Mohave  County   is  responsible  for  providing 
public  services  to  the  unincorporated  lands  in  the  ES  area.   The  oper- 
ations base  of  these  public  services  is  the  county  seat  in  Kingman  and 
includes  agricultural  and  home  economics  services,  extension  service,  soil 
testing  laboratory,  animal  control,  health  and  hospital  services, 
sanitary  landfills,  planning  and  zoning,  parks,  fairgrounds,  roads,  library 
service  and  schools,  county  sheriff,  constable,  and  juvenile  correc- 
tions and  probation.   Other  county  offices  include  the  Council  of 
Government,  the  Board  of  Supervisors,  the  Department  of  Motor  Vehicles, 
CETA,  and  County  Coroner. 

The  City  of  Kingman,  which  has  a  council-manager  form  of  government, 
provides  police  and  fire  services,  as  well  as  water  and  sewer  services, 
to  residents  within  the  13-mile  city  boundary  and  to  unincorporated  areas 
within  three  miles  of  city  limits.   The  city  also  develops  recreational 
and  social  facilities  including  the  Municipal  Golf  Course,  parks,  and 
community  centers  in  cooperation  with  local  public  organizations  or 
private  corporations. 

The  needs  of  other  areas,  primarily  for  basic  services  like  fire  pro- 
tection, water,  and  sewers,  are  met  either  by  the  formation  of  special 
assessment  districts,  local  nonprofit  community  efforts,  or  by  private 
companies.   Electricity  and  telephone  throughout  most  of  the  county  are 
provided  by  the  Citizens  Utilities  Company. 

The  main  recipients  of  these  protective,  environmental,  and  social 
support  services  are  the  urban  communities  and  the  outlying  community  clusters. 
The  ranchers  benefit  if  they  maintain  a  house  in  or  close  to  a  town.   For 
the  most  part,  however,  the  ranchers  are  remotely  located  and  provide  their 
own  electricity,  water, and  sewer  services. 

•     Police  Protection 

The  County  Sheriff's  Department  is  responsible  for  providing  police 
protection  throughout  the  entire  county  except  for  Kingman.   This  includes 
coverage  of  the  Colorado  River  shoreline  (Lake  Havasu  City,  Bullhead  City, 
Riviera-Holiday  Shores)  which,  in  1975,  attracted  an  estimated  eight 
million  visitors. 

The  sheriff's  staff  includes  57  sworn  officers  and  36  civilians  spread 
throughout  four  county  patrol  districts,  one  of  which  is  the  Kingman  area 
and  its  four  sub-districts  (See  Figure  H-l   ) .   The  ratio  of  officers  to 
resident-tourist  populations  is  extremely  low  and,  consequently,  is  not 
sufficient  to  cope  with  the  high  incidence  of  vandalism  and  property  crimes 
in  the  more  remote  communities  and  ranches.   Cooperative  agreements  with  other 
law  enforcement  agencies  such  as  the  National  Park  Service  and  the  Indian 
Reservation  Tribal  Police  assist  the  sheriff  in  providing  protection. 

f  Fire  Protection 

Fire  Protection  services   outside  the  City  of  Kingman  are  provided 
by  special  assessment  fire  districts  which  are  formed  by  vote  of  the  local 
community.   There  are  13  fire  districts  with  a  total  of  18  fire  stations 
serving  Mohave  County;  nine  of  these  fall  within  the  impact  area  (see  Figure 
ft-2   ).   of  these,  Kingman  and  the  Hualapai  Valley  districts  have  three 
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fire  stations  each  (although  the  latter  has  only  one  full  utilization 
station,  the  other  two  being  storage  areas  only);  Mohave  Valley,  Yucca, 
and  Oatman  have  one  each;  and  Chloride  and  the  two  newly  formed  districts 
of  Golden  Valley  and  Golden  Shores  have  none.   The  communities  of  Dolan 
Springs  and  So-Hi  decided  recently  not  to  form  districts  for  their  own 
fire  protection. 

The  effectiveness  of  the  fire  protection  afforded  by  the  districts 
is  assessed  by  the  national  fire  insurance  organization,  Insurance  Services, 
on  the  basis  of  facilities,  manpower,  and  water  system.   On  a  scale  of 
1  to  10,  where  the  lower  ratings  reflect  better  fire  protection,  none  of 
the  nine  fire  districts  in  the  ES  area  rates  higher  than  7.   (See  Table 
H-14.)    Almost  all  jurisdictions  have  an  inadequate  water  system  with 
hydrants,  and  therefore  depend  on  portable  (and  limited)  water  supplies. 
Four  of  the  fire  districts  drew  the  lowest  ranking  of  10,  inasmuch  as  they 
have  neither  fire  station,  salaried  firemen,  nor  a  tanker. 

•  Water  Supply  and  Distribution 

The  provision  of  water  to  the  growing,  scattered  population  of  the 
county  is  a  problem.   All  of  Mohave  County,  including  the  communities 
along  the  Colorado  River  in  Mohave  Valley  and  Lake  Havasu  City,  is  totally 
dependent  for  its  water  supply  on  a  system  of  wells  drawing  from  underground 
sources.   Water  distribution  methods  vary  throughout  the  county,  ranging 
from  water  pipelines  in  the  urbanized  areas  to  hauled  water  in  the  remote 
subdivisions,  and  to  the  ranchers'  own  pumped  water  system. 

There  is  a  combination  of  public  supply  systems  and  small  private 
water  companies  servicing  the  several  towns  in  the  region.   Kingman,  for 
example,  operates  a  system  of  19  operating  wells  that  produce  3100  acre- 
feet  annually  (1974),  and  serves  8700  customers  at  an  average  annual  water 
demand  of  150  gallons  per  capita  per  day.   Elsewhere  in  the  ES  area,  water 
supply  and  distribution  are  provided  by  water  districts,  private  water 
companies,  or  nonprofit,  investor-owned  water  companies.   Mohave  Valley 
is  serviced  by  the  Mohave  Valley  Irrigation  and  Drainage  District  and 
the  Big  Bend  Irrigation  and  Drainage  District,  as  well  as  by  numerous 
private  water  companies,  the  largest  being  the  Citizens  Utilities  Company 
and  the  Oasis  Utility  Company 

•  Sewage  and  Solid  Waste 

Sewer  systems  in  the  rural  and  remote  communities  of  Mohave  County 
use  individual  septic  tanks  or  tanks  combined  with  a  leach-field  system. 
There  have  been  no  reported  failures  or  groundwater  contamination  from 
these  septic  tank-leach-field  installations  due  to  the  condition  of 
the  soils  and  the  depth  of  groundwater  tables. 

The  City  of  Kingman's  sewerage  system  presently  has  approximately 
50  miles  of  main  sewer  lines  and  two  sewage  treatment  plants.   Further, 
several  wastewater  treatment  plants  have  been  constructed  in  isolated 
areas  by  subdividers  or  individual  businesses. 
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Solid  waste  disposal  in  the  county  consists  of  a  system  of  four 
fenced  sanitary  landfills  constructed  by  the  county  government;  16  five- 
acre  collection  sites  which  temporarily  store  refuse  until  transfer  to 
the  landfills;  and  waste  collection  administered  by  private  contractors 
except  in  Kingman.   With  a  few  exceptions,  all  the  land  used  for  landfill 
and  collection  site  is  leased  from  BLM. 

•  Education 

Mohave  County  has  an  educational  system  that  includes: 

-  Mohave  Community  College  with  its  three  campuses  and 
nine  satellite  outlets; 

-  Three  high  schools,  including  Kingman  High  School  established 
in  1937,  and  the  Lake  Havasu  City  and  Mohave  Valley  high 
schools  opened  in  1969. 

-  Thirteen  elementary  school  districts  serving  central  and 
remote  communities.   (See  Figure  H-3.) 

The  ES  area  encompasses  eight  elementary  school  districts,  two  high 
schools,  and  two  campuses  of  Mohave  Community  College.   Most  elementary 
schools  teach  kindergarten  through  junior  high  (see  Table  H-15   ) ,  and 
bus  service  is  then  provided  for  higher  grades  either  to  the  nearest  junior 
high  school  or  to  the  high  school.   All  elementary  schools  in  the  impact 
area  have  adequate  facilities  and  a  student  capacity  that  exceeds  present 
enrollment. 

Mohave  Community  College  opened  in  the  fall  of  1971  and  its  enrollment 
has  been  distributed  among  the  three  campuses  of  the  college  —  Kingman, 
Lake  Havasu  City,  and  Mohave  Valley  —  as  well  as  in  its  small  satellite 
"campuses".  The  impact  of  the  college  extends  even 

to  the  remotest  communities,  and  it  is  looked  upon  as  a  major  contributor 
to  the  community  in  terms  of  providing  job  training  for  the  growing 
population. 

Although  the  number  of  ranch  children  attending  the  school  system 
is  minimal,  the  impact  of  schooling  is  nevertheless  felt  keenly  in  the 
ranching  community.   It  is  unknown  how  much  Mohave  Community  College  is 
utilized  by  the  adult  ranching  population,  but  is  is  likely  that  school 
attendance  among  the  ranching  community  occurs  mostly  in  the  elementary 
and  high  school  levels. 

•  Health  Services 

The  provision  of  health  services  to  Mohave  County's  growing  population 
—  and  especially  a  population  like  the  elderly  which  requires  a  greater 
proportion  of  health  care  —  rests  mainly  with  the  county's  Health  Planning 
Council  and  the  County  Health  Department.   The  ES  area  is  presently  served 
by  an  83-bed  General  Hospital  and  a  new  private  80-bed  skilled  nursing 
home,  both  in  Kingman;  community  health  clinics  in  Kingman,  Bullhead  City, 
and  Dolan  Springs;  and  an  outpatient  clinic  in  Bullhead  City.   For  those 
residents  in  the  northeast  section  of  the  county,  the  Indian  Health  Service 

H-27 


SCHOOL  DISTRICTS 

3  HACKBERRY 

4  KINGMAN 
6   OWENS 

8  PEACH  SPRINGS 

9  LITTLEFIELD 

10  MOCCASIN 

11  CHLORIDE 

12  TOPOCK 

13  YUCCA 

14  COLORADO   CITY 

15  BULLHEAD 

16  MOHAVE   VALLEY 
22  VALENTINE 

24  MT  TRUMBULL 

25  LAKE  HAVASU 


FIGURE  H-3 
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provides  health  care  in  Peach  Springs.   There  are  also  allied  health 
facilities,  such  as  dental  health  clinics,  and  the  Association  of 
Retarded  Citizens  outlets  in  Kingman  and  Bullhead  City. 

According  to  a  1974  survey  of  health  services  in  the  county  com- 
pleted as  part  of  the  Comprehensive  Health  Plan  for  the  area,  the  number 
of  medical  practitioners  in  the  county  is  sufficiently  varied  but 
inadequate  in  numbers  to  reach  the  suggested  ratio  of  population  per 
physician.   Medical  fields  represented  in  the  ES  area  include  general 
practice,  general  surgery,  internal  medicine,  psychiatry,  dentistry, 
optometry,  and  veterinary.   There  is  a  recognized  need  for  expanded 
health  service  in  the  county  but  at  present  this  appears  to  be  outside 
the  capacity  of  the  county. 
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APPENDIX  I 
CLIMATE  AND  AIR  QUALITY  EMISSIONS  METHODOLOGY 


CLIMATE  AND  AIR  QUALITY  EMISSIONS  METHODOLOGIES 


A.    METHODOLOGY  AS  APPLIED  TO  GRAZING  SYSTEMS 

The  general  air  quality  assessment  methodology  is  straightforward: 
It  requires  estimates  of  future  air  contaminant  emissions  from  the 
proposed  project  as  well  as  projections  of  future  air  pollutant  concen- 
trations that  may  result.   The  method  requires  first  estimates  of 
existing  air  contaminant  emissions  and  comparison  with  existing  air 
quality  experience.   From  this  comparison  some  form  of  operator  may  be 
devised  which  relates  a  given  rate  of  air  contaminant  emissions  to  a 
given  concentration  of  that  contaminant  in  the  ambient  air.   The 
time  scale  of  this  analysis  can  be  as  short  as  a  few  minutes,  in  the 
case  of  Gaussian  plume  techniques,  or  as  long  as  one  year,  in  the 
case  of  such  statistical  models  as  the  Larsen  model.   The  actual 
impact  assessment  requires  an  estimate  of  future  contaminant  emissions 
using  a  method  consistent  with  that  used  to  estimate  existing  emissions 
Future  emissions  estimates  are  then  substituted  into  the  operator 
derived  from  the  existing  environment  study  to  yield  projections  of 
future  air  quality. 

The  line  of  reasoning  in  this  methodology  carries  the  analyst 
progressively  further  away  from  hard  data  and  observations  in  the  real 
world.   If  data  are  sparse,  it  is  obvious  that  numerical  projections 
may  be  in  substantial  error.   Unfortunately,  the  northwestern  corner 
of  Arizona  has  not  been  adequately  studied  for  those  critical  factors 
of  ambient  air  quality  and  existing  air  contaminant  sources.   Further, 
the  predominant  sources  of  particulate  emissions  are  area  sources 
such  as  wind  erosion,  or  the  fine  network  of  unpaved  roads.   Although 
recent  work  has  greatly  extended  the  ability  to  estimate  emissions 
rates,  estimates  of  particulate  emissions  from  such  sources  are  far 
less  precise  than  are  estimates  of  emissions  from  far  more  thoroughly 
characterized  sources  such  as  industrial  processes.   The  project 
itself  includes  few  actions  which  can  be  precisely  placed  as  to  time 
and  location  of  occurrence. 

The  methodology  used  in  this  study  entails  emissions  estimates 
for  project  action  derived  either  directly  from  standard  methods 
(such  as  vehicle  emissions  from  unpaved  roads)  or  indirectly  by 
modeling  actions  by  other  processes  (such  as  estimating  dust  from 
chaining  using  agricultural  tilling  as  a  model) .   The  principal 
effort  in  the  air  quality  assessment  is  particulate  emissions  and 
resultant  particulate  concentrations. 
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Development  of  an  air  quality  operator  for  the  Cerbat/Black  Mountain 
area  is  made  difficult  by  the  extreme  sparsity  of  existing  monitoring 
stations.   The  assessment  of  existing  air  quality  which  serves  as  a 
background  for  the  project  impact  assessment  requires  extensive  extrapo- 
lation from  existing  data  often  with  modifications  based  upon  a  subjective 
appraisal  of  specific  environmental  conditions  within  the  planning  area. 

Nonetheless,  the  traditional  method  works  for  this  ES  study  in  two 
important  regards.   First,  the  assumptions  made  for  the  impact  assess- 
ment are  generally  conservative  and  in  most  instances  project  components 
are  examined  as  a  worst  case  problem.   If  the  worst  case  approach 
yields  an  insignificant  change  in  air  emissions  or  in  air  pollution, 
then  the  analysis  reasonably  suggests  that  the  project  air  quality 
impact  is  acceptable.   Where  the  worst  case  analysis  shows  that  high 
levels  of  emissions  or  unacceptable  levels  of  air  contamination  may 
result,  then  it  is  necessary  to  refine  the  assumptions  to  present  a 
more  realistic  appraisal  and  at  the  same  time  to  suggest  mitigation 
measures  which  could  reduce  the  air  quality  impact  to  acceptable  levels. 

Second,  and  more  importantly,  the  method  is  suitable  for  relative 
comparison  of  different  conditions  or  project  alternatives.   The  elaborate 
chain  of  assumptions  and  dependent  calculations  may  lead  to  poor  absolute 
numerical  accuracy.   In  examining  alternatives,  however,  only  several 
assumptions  will  be  changed  simultaneously;  the  other  assumptions  remain 
constant  and  thus  the  error  is  constant  between  the  alternative  compari- 
sons.  In  this  way  the  relative  comparison  is  far  more  accurate. 
Examples  of  relative  comparisons  applied  in  this  study  are  the  comparison 
between  existing  conditions  and  future  conditions  with  the  project, 
comparison  between  alternatives  including  the  no-project  alternative,  and 
assessment  of  the  efficacy  of  mitigating  measures. 

Studies  conducted  for  the  EPA  have  concentrated  on  dust  from  fallow 
or  freshly  plowed  fields  in  arid  agricultural  regions.   The  equation 
resulting  from  the  studies  used  to  calculate  dust  emissions  is  set  forth 
below:* 

E   =  A  I  K  C  L'  V* 
s 

where   E   is   suspended  particulate  emissions  from  wind 
erosion  loss,  in  tons/acre/year; 

A  is   the  fraction  of  total  wind  erosion  losses  that 

would  be  measured  as  suspended  particulate  (par- 
ticles of  _50_  diameter),  estimated  to  be  0.025; 

I   is   soil  erodibility  in  tons/acre/year; 

K  is  a  surface  roughness  factor  (dimensionless) ; 


*From  EPA  (1974),  EPA-450 
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C   is   a  climatic  factor  (diraensionless) ; 

L'  is   an  unsheltered  field  width  factor 
(dimensionless) ;  and 

V  is   a  vegetative  cover  factor  (also 
dimensionless) . 

Many  of  the  variables  are  merely  empirical  values  selected  after 
several  tests.   Some  are,  in  fact,  complex  functions  of  other  variables 
already  expressed  in  the  equation.   Some  of  the  variables  (such  as  L' 
and  V)  are  not  strictly  applicable  to  a  natural  open  space  area,  as 
they  were  derived  to  deal  with  cultivated  fields  in  discrete  parcels. 
Overall,  this  numerical  compilation  of  factors  can  be  applied  to  the 
Cerbat/Black  Mountain  area  although  the  application  stretches  the 
equation  to  the  limits  of  its  accuracy.   As  mentioned  above,  it  does 
afford  relative  comparison  which  is  the  quality  stressed  in  this  analysis. 

Factor  A  relates  to  the  amount  of  eroded  soil  which  will  remain  in 
suspension  and  thereby  contribute  to  long-range  particulate  transport. 
Although  A   is  a  function  of  particle  size  distribution,  it  is  specified 
in  this  equation  as  a  constant  based  upon  considerations  of  soils  with 
a  silt  and  clay  content  roughly  equivalent  to  that  of  the  desert  top- 
soils  in  the  project  area. 

Factor  I  pertains  to  soil  erodibility  and  is  derived  by  considera- 
tion of  soil  type  as  indicated  in  Table  II-3.   The  nominal  value  for 
the  erodible  soils  in  the  study  area  is  100  tons/acre/year.   This  factor 
is  modified  downward  to  account  for  the  desert  pavement  phenomenon. 

The  equation  for  dust  emissions  pertains  to  freshly  disturbed  soil. 
In  the  desert,  several  factors  reduce  dust  emissions  over  time.   The 
most  significant  of  these  is  the  accretion  of  clay  particles  by  the 
moisture  provided  by  even  sparse  rainfall.   This  accretion  in  valley 
areas  forms  a  hard  crust  on  the  top  soil  which  may  be  dry  and  brittle 
but  which  in  its  undisturbed  condition  significantly  resists  wind  erosion. 
A  second  factor  contributing  to  reduction  in  dust  is  the  selective 
removal  of  fine  material  by  the  wind,  leaving  a  surficial  layer  of  coarse 
material  which  eventually  accumulates  and  provides  an  armor  over  the 
erosive  soil  below.   The  combination  of  clay-glaze  and  coarse  sand  and 
gravel  is  commonly  called  desert  pavement.   The  rate  of  formation  depends 
upon  the  rate  of  wind  erosion  and  on  the  rainfall  or  amount  of  sheet 
runoff  in  the  specific  area  of  concern. 

It  is  assumed  in  this  study  that  erodibility  will  be  reduced  to 
approximately  50%  within  one  year  of  exposure  and  to  approximately  10% 
within  five  years  of  exposure. 
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Two  factors  contribute  to  increased  dust  generation  of  the  desert 
soil.   One  is  the  deposition  of  fine  material  borne  by  the  wind  from 
other  locations  and  which  may  be  resuspended.   A  second  factor  is  dis- 
turbance of  the  pavement  by  vehicles,  by  construction,  by  water  erosion, 
or  by  animal  hoofs.   Disturbance  can  remove  the  protective  layer  of 
coarse  material  or  can  scuff  free  fine  material  from  the  clay  glaze.   It 
is  felt  that  the  disturbance  of  the  pavement  from  grazing  animals  may 
be  significant  considering  the  relatively  long  time  required  for  its 
formation.   Although  it  may  be  assumed  that  a  reduction  in  stocking 
will  result  in  some  enhancement  of  the  pavement  reduction  in  dust 
generation,  at  present  there  is  insufficient  data  to  allow  quantification 
of  this  phenomenon. 

Factor  K  pertains  to  surface  roughness,  which  indicates  the  degree 
of  wind  attenuation  due  to  varied  terrain.   The  surface  of  the  valleys 
and  saddles  in  the  Cerbat/Black  Mountain  area  is  assumed  to  be  smooth 
and  a  value  of  1.0  is  used.   The  mountains  and  canyons  are  assumed  to 
be  rough  and  a  value  of  0.5  is  used. 

The  climatic  factor  is  represented  by  Variable  C.   The  variable  is 
itself  a  function  of  average  wind  speed  and  precipitation  evaporation 

indices:  rmm3 

WIND 

P  E  ^  .    As  described  for  the  application  of  the 

agricultural  tillage  model  to  chaining,  a  value  of  PE  is  assumed  for 

each  of  the  three  fundamental  environments  within  the  study  area. 

Valleys,  foothills  and  mountains  are  attributed  a  PE  ratio  of  10,  20, 

and  30,  respectively.   Wind  speed  in  valleys  and  foothills  is  taken  to 

average  10  miles  per  hour  and  in  the  mountains  is  taken  to  average  7 

miles  per  hour. 

There  is  substantial  variation  in  wind  speeds,  of  course,  and  the 
windier  seasons  of  late  spring  and  summer  generate  the  larger  particu- 
late load.   The  equation  used  to  estimate  wind  erosion  is  best  applied 
to  an  annual  average  situation.   Further,  the  functional  form  of  the 
equation  yielding  the  climatic  factor  is  such  that  it  is  extremely 
sensitive  to  variation  in  wind  or  precipitation/evaporation.   Substi- 
tution of  higher  wind  speeds  results  in  an  increase  in  dust  generation 
which  is  unrealistic  for  long  periods  of  time.   Of  course,  the  high 
speed  accompanying  dust  storms  is  capable  of  carrying  a  tremendous  mass 
of  suspended  particulate,  but  the  equation  presented  by  the  EPA  is  not 
necessarily  suited  to  such  calculation. 

Factor  L'  pertains  to  the  width  of  a  cultivated  area  and  as  such 
has  no  direct  corresponding  value  for  the  desert  under  study.   L1  is 
the  product  of  a  function  taking  into  account  several  factors  including 
field  width.   It  yields  a  dimensionless  multiplier  assumed  in  this  study 
to  take  a  value  of  1.0  for  valleys,  0.9  for  foothills,  and  0.8  for 
mountainous  areas. 
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The  most  complex  factor  is  vegetative  cover  (v1 ) .   A  family  of 
empirical  curves  is  used  to  estimate  V'  based  upon  estimates  of  the 
amount  of  organic  material  (litter)  covering  the  surface  of  the  soil 
and  upon  consideration  of  the  other  factors  (IKCL')  that  affect  wind 
erosion.   The  preliminary  impact  analysis  assumes  a  modestly  lush 
ungrazed  vegetation  biomass  of  600  kilograms  per  hectare  for  the  desert 
(535  lbs.  per  acre).   The  increased  precipitation  and  diminished 
temperature  of  the  foothill  and  mountain  areas  is  assumed  to  yield 
increases  in  vegetative  cover  of  approximately  twofold  and  fivefold, 
respectively,  as  shown  in  Table  1-1. 


TABLE   1-1 


VEGETATIVE  COVER  CHANGES  WITH  VARYING 
GRAZING  AND  GEOGRAPHICAL  CONDITIONS 


A.  Vegetative  Cover  (lbs.  biomass,  as  air-dried  wt./acre),  V: 

Valleys        Foothills      Mountains 
No  Grazing  535  1,070         2,675 

Proposed  Project      321  642         1,605 

Existing  Conditions    214  428         1,070 

B.  Vegetative  Cover  Factor  (fraction  of  total  soil  loss  which 
would  occur  due  to  the  protection  of  vegetation) ,  V: 

No  Grazing  .77  .36  .03 

Proposed  Project      .88  .64  .04 

Existing  Conditions    .93  .80  .05 

Source:   USEPA  (1974),  EPA-450,  and  Arthur  D.  Little,  Inc.  estimates 
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B.    METHODOLOGY  AS  APPLIED  TO  CHAINING 

There  are  no  emissions  data  available  for  chaining  such  as  is 
proposed  for  the  Cerbat/Black  Mountain  area.   The  emissions  are  pri- 
marily fugitive  dust  as  engine  exhaust  emissions  from  the  operation  are 
trivial.   Emissions  for  the  project  are  estimated  using  EPA  emissions 
data  for  agricultural  tilling  as  a  model.   The  tilling  equation  is  set 
forth  below:* 

1.4s  (S/5.5) 
E 


tilling        (pe/50)2 

where  E  ....      is   fugitive  particulates  (  75   diameter) 
tilling        i   iv  /  -  ~~ 

in  lb. /acre; 

s  is   %  silt  content  of  the  soil  (assumed 

to  be  35) ; 

S  is    implement  speed  in  mph  (assumed  to 

be  5); 

PE         is   Thornthwaite' s  precipitation- 
evaporation  index  (assumed  to  be  25) . 


The  model  was  devised  in  an  arid  portion  of  the  Midwest  with  little 
moisture  in  the  surface  soil  layer  being  disturbed.   The  model  is  applied 
to  other  portions  of  the  United  States  using  the  Thornthwaite  precipi- 
tation/evaporation index  (PE)  which  estimates  soil  dryness  based  upon 
consideration  of  rainfall  and  potential  evaporation  as  a  climatic 
variable  throughout  the  United  States.   Values  for  PE  are  provided  on 
a  broad  scale  by  a  map  included  in  the  EPA  compilation  of  air  pollution 
emissions  factors.   Although  suitable  for  rough  estimates,  the  variability 
of  the  climate  within  the  Cerbat/Black  Mountain  region  necessitates  a 
more  detailed  consideration  of  potential  evaporation  versus  precipitation. 
Values  of  PE  are  roughly  attributed  to  the  three  fundamental  terrain 
types  under  consideration,  10  for  valleys,  20  for  foothills  and  30  for 
the  mountain  areas. 


C.    METHODOLOGY  APPLIED  TO  BURNING 

The  EPA  provides  a  method  for  calculating  emissions  from  wildfire. 
The  principal  variable  is  the  weight  of  fue  1  per  unit  area  (L)  as  seen 
in  the  equation  below:** 

E  .   =   P . LA 
l      l 

where   E.   is   emissions  of  pollutant  i  in  kg  or  metric  tons  (MT) ; 


*  From  Environmental  Protection  Agency  (1974) ,  EPA-450 

**From  Environmental  Protection  Agency  (1975),  Ap-42,  Supplement  4,  Sec.  11.1 
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P.   is  mass  (in  kg)  of  pollutant  emitted 

per  mass  (in  MT)  of  forest  fuel 

consumed  (hence  P.  is  dimensionless) ; 
1  ' 

L   is   fuel  loading:   mass  of  forest  fuel 
per  unit  area  burned,  in  MT/ha;  and 

A   is   area  burned,  in  hectares  (1920  ac  =  768  ha) . 

Data  for  various  forested  regions  of  the  United  States  provide 
estimates  of  L  for  use  in  wildfire  calculation.   The  estimate  for  the 
region  including  the  Cerbat/Black  Mountain  area  actually  comprises 
Arizona  and  New  Mexico  and  is  primarily  representative  of  the  more 
densely  forested  mountainous  areas  where  forest  fires  are  of  primary 
concern.   Within  the  planning  area,  the  blackbrush  scrub  to  be  burned 
represents  a  far  lower  fuel  load  per  unit  area.   The  actual  density  of 
dry  fuel  is  estimated  to  be  approximately  400  kilograms  per  hectare 
(kg/ha),  representing  approximately  30%  cover  of  blackbrush  species. 
In  order  to  more  conservatively  estimate  emissions  of  burning,  however, 
the  value  of  1000  kg/ha  is  used  in  this  study. 


D.    THE  LARSEN  AIR  QUALITY  MODEL 

The  Larsen  air  quality  model,  set  forth  in  EPA  pamphlet  AP-89 
(1971) ,  assumes  a  linear  relationship  of  pollutant  emissions  to  ambient 
concentration  of  that  pollutant;  i.e.,  if  pollutant  emissions  rise  by 
6%,  the  ambient  pollutant  levels  (as  the  geometric  mean)  will  also  rise 
by  6%.   This  model  allows  us  to  project  from  present  ambient  levels, 
monitored  by  the  various  public  agencies  and  utilities,  to  future  ambient 
levels  using  only  an  assumed  multiplier  (such  as  a  6%  increase,  a  20% 
decrease,  etc.)  applied  to  present  emissions.   No  dispersion  modelling 
need  be  done;  the  emissions  multiplier  is  simply  applied  to  the  geometric 
mean  of  the  present  Larsen  plotted  distribution,  and  a  new  line  is  drawn 
with  the  higher  or  lower  mean  and  the  same  slope. 

In  Figure  1-1,  the  vertical  axis  is  the  logarithm  of  the  24-hour 
average  particulate  concentration  in  the  ES  area;  the  horizontal  axis 
is  the  probability  that  a  given  concentration  will  be  equalled  or 
exceeded,  in  either  days  per  year  or  percent  of  the  time.   The  existing 
particulate  concentration  distribution  is  represented  by  the  heavy  solid 
line,  and  was  derived  from  1975  air  quality  data  monitored  at  Kingman 
by  the  Arizona  Department  of  Health  Services  and  at  Katherine  Landing  by 
Desert  Research  Institute.   The  geometric  mean  of  the  straight  line  formed 
by  the  data  is  the  pollution  reading  at  the  50th  percentile  or  183  days 
per  year;  the  standard  geometric  deviation  or  variation  in  the  data  is 
contained  in  the  steepness  of  the  line's  slope.   Since  the  slopes  of  the 
Larsen  line  plots  for  Kingman's  and  Katherine  Landing's  data  were  equal, 
a  line  for  the  ES  area's  existing  particulate  loading  was  drawn  with  the 
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3 

same  slope  and  an  intermedia te^mean  of  46.5  ug/m  ,  which  falls  between 

Kingman's  1975  mean  of  58  ug/m  and  Katherine  Landing's  1975  mean  of 
35  ug/m-'.   Additional  information  obtainable  from  the  Larsen  plot 
includes  days  per  year  of  violation  of  the  state  24-hour  standard  of 
150  ug/m   (about  7  days^for  the  ES  area) ,  the  yearly  maximum  24-hour 
reading  (about  240  ug/m  for  the  ES  area)  and  the  geometric  mean  of  the 
Larsen  line  plot  in  relation  to  the  state  standard,  an  annual  geometric 
mean  of  60  ug/m3  -  represented  in  Figure  1-1  by  a  bullseye.   In  the  ES 
area  this  annual  standard  is  generally  met  for  particulates  in  spite  of 
violating  the  24  hour  standard  for  7  days  out  of  the  year,  on  an  average. 

The  particulate  data  from  which  the  Larsen  line  plots  were  drawn 
are  24-hour  averages  taken  every  6  days;  the  fact  that  the  data  were  not 
taken  every  day  does  not  affect  the  accuracy  of  the  plotted  distributions, 
since  the  Larsen  model  is  designed  to  show  accurate  distributions  for  any 
averaging  time  or  monitoring  frequency.   Kingman's  19  75  particulate  data, 
monitored  by  the  Arizona  Department  of  Health  Services,  was  plotted  from 
numerical  values  provided  in  table  form  by  the  DHS;  data  from  Katherine 
Landing  (located  on  the  Colorado  River  near  Bullhead  City)  was  plotted 
from  a  graphic  in  Desert  Research  Institute's  Atmospheric  Survey  for 
Mohave  Generating  Station  (1975) ,  in  the  absence  of  tabulated  numerical 
data.   Data  points  (see  Figure  1-1)  for  both  sites  were  fitted  by  the 
least  squares  method  to  a  regression  line;  the  fit  for  each  set  of  data 
was  very  good  (r^=.97)  using  all  data  points.   A  good  fit  indicates  that 
the  particulates  experience  of  both  Kingman  and  Katherine  Landing  was 
log-normally  distributed  in  1975,  and  that  the  lines'  slopes  are  accurate 
as  plotted. 

The  Larsen  air  quality  model,  explained  above,  was  used  to  project 
the  particulates  loading  in  the  ES  area  in  15  or  20  years,  given  no  range 
management  plan  and  given  certain  assumptions  about  current  trends  in 
other  particulate  generators.   With  no  grazing  management  plan,  and  the 
assumptions  of  slightly  deteriorating  range  condition,  slightly  increasing 
agricultural  tillage  and  dirt  road  dust  emissions,  a  10%  increase  in  ES 
area-wide  particulate  emissions  is  postulated.   The  Larsen  model  permits 
us  to  translate  this  into  a  10%  multiplier  upon  the  existing  annual 
geometric  mean  to  form  a  new  line  (the  dotted  line  in  Figure  1-2)  with  a 
10%  higher  mean,  to  represent  the  future  particulate  distribution  without 
the  project. 

The  "no  project"  Larsen  line  plot  shows  that  the  annual  geometric 
mean  will  still  be  under  the  state  standard  of  60  ug/nH,  but  the  violations 
of  the  state  24-hour  standard  of  150  ug/m^  increase  from  7  days  for  existing 
conditions  to  about  13  days  15  or  20  years  from  now — a  near  doubling  of 
24-hour  standard  violations  resulting  from  a  10%  increase  in  suspended 
particulate  emissions.   The  yearly  maximum  particulate  concentration 
increases  from  235  to  about  270  without  the  proposed  plan;  however,  this 
yearly  maximum  from  the  Larsen  projection  is  probably  not  relevant  to  ES 
area  particulates,  since  levels  two  or  three  times  these  values  can  result 
from  single  sandstorm  incidents,  which  do  not  fit  into  the  log-normal 
distribution  that  the  model  assumes. 
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E.    LARSEN  MODEL  COMPARISONS 

Using  the  Larsen  model,  explained  above,  projections  were  made  from 
the  solid  line,  which  represents  existing  particulate  concentration 
distribution  in  the  ES  area  as  a  whole,  and  has  a  mean  (for  1975)  of 
46.5  ug/m^.   Shown  in  Figure  1-3  are  the  particulates  distributions  for   „ 
about  15  years  from  now  without  the  project  (a  10%  higher  mean  of  51  ug/m  ) , 
with  the  project  (a  mean  4%  higher  than  at  present,  48.4  ug/m3) ,  and  for 
comparison  to  show  the  sensitivity  of  ES  area  air  quality  to  grazing 
level,  with  no  grazing  at  all  (a  mean  about  13%  lower  than  at  present, 
40  ug/m3) .   Days  in  violation  of  the  24-hour  standard  range  from  0  for  no 
grazing  (remembering  that  one  day  above  the  standard  is  allowed) ,  7  days 
for  existing  particulate  levels,  10  days  with  the  project's  reduced 
grazing,  and  13  days  without  the  project's  ameliorative  effect.   All 
scenarios  fall  under  the  state  annual  standard  of  60  ug/m3  geometric  mean. 
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APPENDIX  J 
RANGE  IMPROVEMENT  CONSTRUCTION  AND  MAINTENANCE  COST  ESTIMATES 


RANGE  IMPROVEMENT  CONSTRUCTION  AND  MAINTENANCE  COST  ESTIMATES 


A.    EXPENDITURES 

The  allotment  management  plans  call  for  a  wide  variety  of  range  impacts 
necessitating  construction  over  a  four-year  period  -  1980-1983.   The  BLM  has 
provided  a  cost  breakdown  for  each  type  of  project  into  labor,  equipment 
rental,  materials  purchased,  and  expenses  (see  Table  J-l    ).   Labor  is  the 
largest  component  of  the  construction  costs  and  the  size  of  the  projects  is 
small  relative  to  the  volume  of  construction  that  occurs  annually  in  Mohave 
County.   Neither  labor  nor  equipment  will  be  needed  from  outside  the  County. 

Purchases  of  materials  from  county  suppliers  will  be  minimal.   Relatively 
few  materials  are  required  to  implement  the  management  programs  and  the  BLM 
estimates  that  because  of  their  low  bid  requirement,  that  only  20%  of  the 
necessary  supplies  will  come  from  Mohave  County.   Therefore,  material  supply 
companies  in  the  County  will  be  only  marginally  affected  by  the  proposed 
action. 

The  BLM  has  suggested  that  the  permittees  will  be  hired  to  provide  some 
of  the  required  construction  labor.   However,  since  all  contracts  will  be 
awarded  to  the  lowest  bidder,  it  is  possible  this  may  not  occur.   The  labor 
income  that  will  be  derived  from  these  projects  therefore  can  not  be  auto- 
matically allocated  to  the  permittees. 

The  annual  direct  impact  for  the  1980-1983  period  in  Mohave  County 
resulting  from  the  construction  projects  are  shown  in  Table  J-2.      This 
Table  was  based  on  the  cost  breakdown  for  each  type  of  improvement  and  the 
total  amount  to  be  spent  by  BLM  on  that  improvement  each  year.   As  indicated 
in  the  Table,  materials  purchased  from  county  suppliers  represent  only  20% 
of  total  materials  purchased.   The  greatest  expenditures  will  occur  during 
the  1980' s  when  BLM  projects  costing  $392,700  will  create  $177,900  in  income, 
$52,263  in  equipment  rentals,  and  $32,511  in  materials  purchases  in  Mohave 
County.   The  BLM  construction  declines  steadily  in  succeeding  years  and  by 
1983  is  approximately  one  half  of  the  1980  impact. 

The  ranchers  will  be  required  to  construct  and  finance  improvements  on 
their  private  land  valued  at  $322,000  during  the  1980-1983  period  as  part  of 
the  proposed  action.   Since  the  benefits  of  the  improvements  will  not  be 
received  during  the  construction  period,  they  must  be  financed  either  through 
current  income  or  through  encumbrance  of  additional  debt.   Permittees  will 
probably  accept  additional  debts  since  their  incomes  are  not  adequate  to 
finance  the  project  over  a  short  term. 

The  ranchers  will  provide  much  of  the  labor  required  for  the  improve- 
ments on  their  lands  themselves  thereby  avoiding  labor  costs.   The  only 
projects  for  which  the  rancher  would  require  assistance  are  for  windmill  and 
horizontal  well  drilling  and  for  the  construction  of  water  catchment  storage 


J-l 


TABLE  J-l 
COST  BREAKDOWNS  FOR  PROPOSED  IMPROVEMENTS 


Percent  of  Cost  Allocated  to 


Improvement 

Burning  and  Reseeding 

Cattleguards 

Corrals 

Fence  Construction 

Fence  Repair 

Fence  Waters 

Horizontal  Wells 

Plastic  Pipe  Above  Ground 

Plastic  Pipe  Buried 

Pipeline  Repair 

Reservoirs 

Spring  Development 

Water  Catchments 

Water  Storage 

Water  Troughs 

Windmills 


Labor 

Equipment 

Materials 

50% 

50% 

0% 

20 

20 

60 

70 

0 

30 

50 

0 

50 

50 

0 

50 

50 

0 

50 

25 

40 

35 

60 

0 

40 

50 

10 

40 

55 

5 

40 

15 

85 

0 

70 

0 

30 

60 

10 

30 

60 

10 

30 

30 

0 

70 

25 

40 

35 

Source:   Bureau  of  Land  Management. 
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tanks  and  earthern  reservoirs.   The  ranchers  will  have  to  buy  the  necessary 
materials  for  each  project  as  well  as  rent  any  equipment  that  may  be  required. 

Table  J- 3    shows  projected  out  of  pocket  expenditures  in  Mohave  County 
by  ranchers  for  labor  equipment  and  materials  for  each  year  of  the  construction 
period.   Materials  expenses  in  Mohave  County  are  only  20%   of  total  materials 
expenses.   Construction  expenditure  requirements  peak  in  1980  at  $125,000 
or  86%  of  the  mean  estimate  of  annual  ranch  income  of  $146,200.   However,  the 
impact  is  localized  on  nineteen  allotments  indicating  that  these  permittees 
will  probably  incur  out  of  pocket  expenses  substantially  larger  than  their 
incomes.   As  a  result,  it  will  be  necessary  for  them  to  finance  this  con- 
struction by  incurring  additional  debt. 

These  expenditures  in  the  County  represent  both  redistributed  current 
income  and  introduction  of  new  money  to  the  region.   Instead  of  making 
purchases  for  personal  consumption  at  retail  stores,  the  rancher  will  probably 
use  some  of  his  personal  income  to  purchase  the  materials  and  equipment 
required  to  construct  the  improvements.   Since  ranch  incomes  will  not  increase 
during  the  construction  period  as  a  result  of  the  improvements,  the  ranchers 
will  probably  not  earn  more  money  outside  the  County  than  they  currently  do. 
This  means  that  purchases  from  current  income  from  County  suppliers  will  not 
increase  but  only  that  the  suppliers  and  types  of  purchases  made  will  change. 

If  ranchers  do  accept  additional  debt  and  are  able  to  successfully 
retire  this  debt  at  a  later  date  with  increased  incomes  resulting  from  the 
improvements,  the  improvements  constructed  with  the  borrowed  funds  can  then 
be  considered  as  direct  impacts  on  the  community.   As  noted  previously,  most 
of  the  labor  used  to  construct  improvements  on  privately  held  land  will  be 
provided  by  the  ranchers  without  pay.   However,  based  on  estimates  of  the 
value  of  the  project  provided  by  BLM,  the  annual  value  of  this  labor  ranges 
between  $62,600  in  1980  and  $9,400  in  1982. 

B.    MAINTENANCE  EXPENDITURES 

The  permittee  will  be  responsible  for  maintaining  not  only  improvements 
made  on  private  lands  but  also  the  improvements  made  on  BLM  allotments.   The 
BLM  estimates  the  value  of  these  continual  maintenance  expenses  at  3%  of 
the  value  of  the  improvement  annually.   Materials  purchases  account  for 
approximately  20%  of  this  amount.   The  remainder  equals  the  value  of  ranch 
labor  which  will  be  provided  without  compensation  and  will,  therefore,  be 
an  opportunity  cost  to  the  rancher.   The  cost  of  materials  purchased  and  the 
value  of  labor  are  shown  in  Table  J-4    for  maintenance  and  improvements  on 
both  public  and  private  lands.   After  all  improvements  are  constructed,  annual 
out  of  pocket  expenses  for  materials  will  be  approximately  $8,200  while  the 
value  of  labor  required  to  maintain  the  improvements  will  be  approximately 
$32,800  annually. 
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TABLE   J- 4 

ANNUAL  RANCHER  MAINTENANCE  EXPENDITURE 
FOR  IMPROVEMENTS  ON  PUBLIC  AND  PRIVATE  LANDS 

Year  Labor  Materials  Total 

1981  $13,927  $3,482  $17,409 

1982  21,480  5,370  26,850 

1983  27,061  6,765  33,826 

1984  32,763  8,168  40,931 

1985  32,763  8,168  40,931 
1990  32,763  8,168  40,931 
1995  32,763  8,168  40,931 
2000               32,763               8,168  40,931 


*Labor  is  not  an  out-of-pocket  expense. 
**Labor  component  is  not  an  out-of-pocket  expense. 


Source:   Bureau  of  Land  Mangement;  Arthur  D.  Little,  Inc.,  estimates, 
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C.    OTHER  INCOME 

Income,  in  addition  to  that  discussed  above,  will  be  derived  from  three 
sources:   changes  in  BLM  staff  in  the  ES  area,  income  from  equipment  rentals 
and  materials  purchases  related  to  construction  and  maintenance  of  the 
proposed  improvements,  and  indirect  and  induced  income  impacts  of  the  changes 
in  ranch,  construction,  and  recreation  activities. 

BLM  has  estimated  that  three  new  hires  will  be  located  in  the  BLM 
Kingman  office  in  1979  for  survey  and  design  work  in  preparation  for  AMP 
implementation.  The  staff  will  increase  to  five  in  1983  and  will  remain 
at  this  level  through  2000.  The  BLM  has  estimated  the  average  annual  salary 
of  these  persons  at  $13,000.  Table  J- 5  shows  yearly  estimates  of  the 
income  of  this  additional  staff.  Since  the  BLM  staff  is  paid  by  Federal 
government  revenue,  their  salaries  are  direct  income  of  the  County's  economy. 

Some  of  the  money  spent  for  equipment  rentals  and  materials  in  Mohave 
County  during  the  construction  period  will  be  earned  as  wages  by  equipment 
operators  and  material  suppliers.   Based  on  interviews  with  rental  firms  in 
the  County,  it  is  estimated  that  approximately  40%  of  rental  costs  are  for 
labor.   The  labor  component  of  the  materials  purchases  is  approximately  17% 
of  sales  based  on  the  ratio  of  total  income  to  sales.   Using  these  estimates, 
Table   J-6   shows  on  an  annual  basis  between  1980  and  2000  the  personal 
income  derived  from  expenditures  for  equipment  rental  and  materials  in 
Mohave  County  for  both  the  construction  and  maintenance  of  the  proposed 
improvements.   The  income  is  greatest  in  1980  -  $39,475  and  then  becomes 
constant  after  construction  has  halted  in  1984  at  $1,421. 

There  are  four  sources  of  direct  income  to  the  County  resulting  from  the 
proposed  action.   Total  changes  in  direct  income  from  all  sources  are  shown 
in  Table   J-7.     The  largest  additions  to  income  occur  during  the  first 
and  second  years  of  the  program  and  decline  substantially  after  all  construction 
activities  have  been  completed. 

The  total  income  consists  of  the  direct  income  and  the  resulting  indirect 
and  induced  income.   Indirect  and  induced  income  has  been  estimated  by  utili- 
zing the  multiplier  of  1.44  developed  in  Chapter  II.   Indirect  and  induced 
income  estimates,  and  resulting  total  income  estimates  are  shown  in  Table  J-7.* 
The  estimate  of  total  income  for  the  peak  year  1980  and  later  represents  less 
than  1%  of  the  total  personal  income  projected  for  Mohave  County. 


Wage  and  salary  income  have  been  multiplied  by  a  factor  of  1.48,  to 
incorporate  income  derived  from  rent,  dividends,  interest  and 
transfer  payments. 
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TABLE  J-5 

INCOME  OF  ADDITIONAL  BLM  STAFF  LOCATED 
IN  MOHAVE  COUNTY  AS  PART  OF  PROPOSED  ACTION 


Year  Number  of  Staff  Income  of  Staff 

1979  3  $39,000 

1980  3  39,000 

1981  3  39,000 

1982  3  39,000 

1983  5  65,000 

1984  5  65,000 

1985  5  65,000 
1990  5  65,000 
1995  5  65,000 
2000  5  65,000 


Source:   Bureau  of  Land  Management 


TABLE  J- 6 

INCOME  RESULTING  FROM  EQUIPMENT  RENTALS  AND 
MATERIALS  PURCHASES  IN  MOHAVE  COUNTY 
FOR  CONSTRUCTION  AND  MAINTENANCE  PURPOSES 
(1976  dollars) 


Source  of  Income 


Equipment 

Materials 

Purchases 

Total 

Year 

Rentals" 

Construction"' 

fe   Maintenance"" 

Income 

1980 

$31,414 

$8,061 

s 

$39,475 

1981 

30,693 

3,393 

606 

34,692 

1982 

7,679 

3,349 

934 

11,962 

1983 

8,478 

3,590 

1,177 

13,245 

1984 

0 

0 

1,421 

1,421 

1985 

0 

0 

1,421 

1,421 

1990 

0 

0 

1,421 

1,421 

1995 

0 

0 

1,421 

1,421 

2000 

0 

0 

1,421 

1,421 

'Estimated  at  40%  of  total  equipment  rental  expense. 
Estimated  at  17.4%  of  total  materials  purchases. 


Source:   Bureau  of  Land  Management;  Arthur  D.  Little,  Inc.,  estimates 
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